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A FACTOR ANALYSIS OF MEMORY ABILITY

Abstract

The purpose of this study is to investigate the area in the memory

domain concerning relatively immediate intentional retention. For

memory tests limited to this area, is there a general memory factor;

if not, can several distinct memory factors be identified?

On the basis of hypctheses regarding the nature of four memory

factors, a battery of 27 memory tests was constructed. These tests,

together with 13 reference fasts, were administered to 442 pilot cadets

at Lackland Air Force Base, :,an Antonio, Texas. 'The scores on the 40

bests were then intercorrelated and factor-analyzed. The multiple-

grouping method of analysis was used, with the solution being iterated

twice; the resulting factor matrix was then rotated to oblique simple

S/ structure.

Eleven factors were found, three of which are rather clearly-

4defined memory factors; they may be called Rote Memory, Meaningful

Memory, and Span Memory. The reference tests clearly identify three

other factors as Verbal Comprehension, Numerical Facility, and Per-

ceptual Speed. The seventh factor is a doublet representing the spe-

cific variance of two parallel tests. The eighth factor is a triplet

which cannot be positively identified. The remaining three factors

all primarily seem to involve Visual tasks. These factors seem to

represent Visualization, Spatial Relations, and Visual Memory, but

the identifications are uncertain since there seems to be confounding

with Deductive Reasoning and Psychomotor Coordination.
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It has been established that in the area of imediate intentional

retention there is no general factor; three distinct factors in this

domain were clearly fidentified, while still others were suggested. The

three memory factors found seem to be differentiated in terms of process

rather than in terms of content or mode of presentation.
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* •Chapter I

DEFINITION OF THE PROBLEM

A. Introduction

One of the purposes of psychology is to attempt to understand and

account for observable individual differences in behavior in term of

a limited number of concepts or ideal constructs. The names given to

these constructs are unimportantl historically, some of them have been

termed "abilities." Accepting this terminology# one can consider abili-

ties as being, in a sense, determiners of behavior, in that the pes-

ence of an ability in an individual enables him to perform some task

successfully, while the absence of that ability renders the perform-

ance of that task unsuccessful. It also may be considered that an

individual's performance on a task or "test" is determined in part by

the abilities that are called for by the test and in part by the degree

tU which the individual himself possesses these abilities. It is de-

sirable that the definitions of these constructs or abilities be based

on behaviors and relations between behaviors which can be observed

experimentally.

With acceptance of the model established by these definitions it

becomes necessary to find same method for analysis of the observed

test-performance into the two components indicated above. The methods

of factor analysis have been developed as a refined technique for the

* study of individual differences so as to obtain a measure of the extent

to which each ability is called for by each test; the factor "loadings"

which are obtained fru the analysis are such numerical measures. It

is to be noted that in factor analysis, as in all other methods for

IIII ...I . ...... .. I' I I 1 I i o I .ill ll ! I
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the investigation of individual differences, two abilities will be

differentiated from each other only when (a) there is fairly wide

variation of both abilities from subject to subject in the population

being measured, (b) the degree of correlation between these two abili-p . ties is fairly low in the population being tested, and (c) measures or

tests are being used vhich depend to different degrees upon each of the

two abilities. These points are discussed by Thurstone (61 pp. 51-67). 4

The factor analysis itself will not identify the nature of the

abilities revealed; this identification remains the problem of the pay-

chologiut. How then is the nature of each of these abilities which the

factor analysis distinguishes to be determined? In order to identify

a factor one must look at all the tests with high loadings on that

factor and, keeping in mind the tests with no loadings on it, then try I
to infer the nature of the process underlying or identifying the factor.

If an ability model such as is presented above is to be used to

describe behavior, the question arises as to the nuber and nature of

abilities which are necessary to account for human behavior. For con-

venience, behavior may be roughly classified into certain groups, or

domains, such as the mory domain or the reasoning domain. Since

much, if not most, hum=n behavior involves memory of one kind or another,

it becomes important to know the factorial structure of the mory

domain. The simplest possible structure that could exist would be a

general factor of memory, i.o1 , memory would be a unitary trait. Is

this true? It soe wry unlikely both on the basis of one's own

personal experience and on the basis of past psychological experimenta-

tion. The following questions may then be raised: Is the memory func-

tion differentiated for the several modalities of presentation? Does



immediate memory involve the same ability as that involved in the

memory of past experience even when the subject makes no special effort

to remember the experience? Is relatively imdiate intentional reten-

tion a unitary trait; if not, how does it vary--ezg, with content or

type of material, mode of presentation, modality of presentation, pay-

chological processes involved?

B. Review of the Literature

What light has been shed on the problem of aemory ability or

abilities by previous research? In susmarising the relevant evidence

it is convenient to divide the literature into three ,classes: non-

carrelatioral studies, correlational studies, and factor-analytic

studies.

1. Mon-corrlational studies.

Typical findings include the following:

In memorising, same subjects make use of vibual imagery while

others use auditory imagery. The powr of recalling the memory-image

varies with different persons (30).

Transfer studies in general yield no evidence to support the

hypothesis of a general memory function; there is no general memory

improvement as a result of pract. ce.* Some of the variables which

affect the amount of transfer are: kind of material, method of pro-

cedure, imagery, and logical orranisation of the material (3).

Same subjects learn faster by auditory presentation while others

learn faster by visual presentation. Howver, in general, subjects

-who learn easily by one method also learn easily by the other (76).



2. Correlational studies.

Typical findings include the following:

In general, the correlations between memory tests are positive,

but many of these correlations are quite low (26, 49).

There is evidence which tends to indicate that memory ability is

specific for different types of material learned (2, 37).-

Within the aome type of material, high correlations exist between

scares on visually-presented and scores on auditorily-presented tests.

(7, 31). (Both of these studies are deficient in that very few subjects

were used.)

The evidence regarding recall vs. recognition is conflicting.

Some investigators feel that differences in type of content cause less

• fluctuation than do differences in testing methods, while other in-

vestigators feel that the material to be learned is more important

than the method of testing retention (.49)0

The indication is fairly clear that different factors are operat-

ing in substance and rote memory. When material and procedure are

held constant, the correzations between memorizsing ideas and memorising

exact words is stil low. The correlation between immediate recall

for related and unrelated material is also low (29 39, 1).

The evidence regarding meory span is conflicting. These studies

do not make clear the extent to hich memory span is general or

specific for type of material and for modality of presentation (8).

Correlations between memory tests and aptitude tests depend to

some eXtent upon the content to be memorised (67).

=
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3. Factor-analyti studis.

For convenience these studios may be divided into genoral-factor

studies and multiple-factor studios this division is made in terms

of the method of factor analysis used.

a. General-factor studies.

In summari ing the results of general-factor studies up to 1927,

Spearman (1) cme to the following conclusions:

(1) The correlations between memory tests are not accounted

for by "g" factor alone.

(2) There seems to be a distinction between logical and

rote memory in that "g" is present in the former and absent in

the latter.

(3) There seems to bea group factor of memory, but it is

very small.

(4) Carey (11, 14) found a sensory-emory group factor

which was eonu to tests presented both vieually and auditori ,

(All material was non-verbal.)

(5) Both Abelson (1) and Carothers (164 found a group

factor in verbal moreos

(6) Krueger and Spearman (4T) found a group factor in non-

vebal symbolic memories.

(7) No group factors were found to distinguish between

imediate and delayed memory or between recall and recognition.

(8) Spearman stated by way of general conclusions "When

two kinds of memory resemble eash other only in the bare fact of

i both involving retentivity, the correlation wising from this

ause is little if at all above sero In proportion as the



likenesas betwen tbeu is augmented by resmablance of uastial-

for instance, by both being sensory, or by both being v -rbal-

the correlation beocws more marked." (A, p. 290.)

Truman L. Kelley (W) reported a single group-factor of memory.

Rowever, only four memory tests were included in his battery of nim

tests, and these four tests were very similar in nature. Kelley states

that, "The claim that one is possessed of 'memories' rather than a

Ilmory ability' would seem not to be fully justified. There, of

course, must be memories dependent upon the material involved, but the

readiness with which this material can be memorized would seem to be

general." (44, p. 108.) He further recommends, however, that this

conclusion be tested in additional studies by memory tests which differ

from each other more radically than did the four tests used by him. 

* . Garrett (24) reported three group-factors, but since the descrip-

tions of his tests are so inadequate, only the Number-Span Factor can

be identified. He was not interested in identifying theme group fac- I
tormj rather, he dropped all but one test from each group and then

found a common general factor. He tentatively suggests that this is a

general memory factor rather than being "g." A reanalysis, by the

author, of Garrett's memory-test data by multiple-factor techniques

revealed three factors which might perhaps be identified as Span Memory,

Meaningful Xemory, and Rote Memory. For the reason given above, the

identifications of the last two factors are only very tentative.

SAnastasi (3) reported a small general memory factor; however, no

memory span tests were included in her battery. Later (h), however,

she concluded that the common factor previously found was not a

general meimory factor and that a common factor in memory tests seemed

.I
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defed as memory for a certain type of material rather than memory

tested by some One ethod. In fact, she suggested that the comon

factor peviously fom*d could have represented special devices for the

rote mow sation of verbal material.

Bolton (9) tentatively concluled that memory is not a unitary

trait, but he made no attempt to identify the nature of the several group

factors. ,

Holsinger, Harman, and Swineford (33, ;3 6) reported the

appearane of a memory group factor in several of their bi-factor

studies. However, the tests used in the various studies did not over-

lap in such a way as to show dhat the group fActor found was always

the sme factor. An examination of the tests indicates that in one

study (2) perhaps the group factor might be Span Memory, while in

other studies it night be Rote Memory.

Vernon (68) reJected the idea of a unitary group factor for memory.

"Probably there exist several small group factors, each representing

memory for a certain narrow range of material. In other words, there

may be several different types, but no single entity, of memory."

(68, pp. 152-153.) Later (§, p. 49) Vernon stated that rote ,emoris-

ing was the only substantiated memory faculty.

-ysenok and Halstead (20) concluded that there was not even a

general memory factor in their test battery, much less several group

memory factors. They contended that all fifteen memory tests in their

battery were measuring only the "g" factor of general intelligence,

and that if there was a general factor of memory, "...no assessment of

memory ability is possible by the use of the tests examined.," (1.20

p. 178.) However, Vernon (69) stated that this result was due, at

I4II I I Il I' -2 _ - I [ l



least in part, to the unusual heterogeneity of the subjects in "g."

"ence, since this study is based on only 60 subjects, and since the ro-

sults are in clear opposition to virtually all current results of other

investigators, this conclusion cannot be accepted without further ox-

per uental support.

Spearman and Jones (5_) give a general aunary of this work in

their chapter ,-n retentivity and memory. These authors feel that there

has been "...an almost universal deficiency in factorization of memory

... in that the field is liatle to be (so) greatly extended that little,

if arq, of it is covered adequately." (a, p. 178.)

b. Multiple-factor studies.

olfle (71), in his review of factor analysis studies, reported

that a mory factor was the fourth most frequ ntly identified factor.

He stated that it is best tested by paired association or recognition

tests of recently learned material and that perhaps it might better be

called rote learning or itmodiate memory. Both Anastasi (2, kj see

above) and Carlson (i_ see below) reported several memory factors.,

but the identifications seemed inadequate.

Bryan (12) studied the mmory ability of young children. She re-

ported a general memory factor throughout her battery of ten meory

tests; a vocabulary test and the Stanford-Binet Intelligence Test also

were high on this general factor. A second factor was interpreted as

a doublet factor between two span memory tests., while a third factor

*was not interpreted. It seems clear from her report, however, that no

effort was made to rotate the axes to psychologically-meaningful posi-

tions before the factors were interpreted.



Garrett (25) reanalyzed Bryan's data, omitting the intelligence

test from the battery. He extracted four factors and rotated the axe@

orthogonally b3fore making his interpretations. He identified two of

the factors as Memory and Sequences, while the other two he only very

tentatively identified as Verbal Expression and Manipulation. The

vocabulary test appeared with only a low loading or. the Memory factor;

its highest loading was on the Verbal Expression factor. Although the

results were far from clear-cut, Garrett felt that his result "...prob-

ably substantiates Bryan's claim for a general memory factor through

her tests..." (25, p. 289).

Garrett (25) also reanalyzed two of the sets of data reported by

Anastasi (0, 4), whose results have been sumarized above. In re-

ana3ysing the data from (3), Garrett reported four orthogonal factors

which he called Memory, Word, Number, and Form. In his reanalysis of

the first ast of data from (4), Garrett reported three oblique factoris

which he called Number, Memory. and Verbal; the Number and Verbal

factors were correlated .24, but the Memory factor wu uncorrelated

with either of them. He concluded that the reanalyses had verified

Anastasivs finding that in adult groups memory is independent of verbal

and number abilities. In both these analyses, the Memory factor seems

to represent some sort of rote memory for unrelated material; Garrett

did not reanalyze the data which led Anastasi to the conclusion that

there is no single omon memory factor.

Carlson (15) studied immediate memory for words* He anticipated

thine factors: Visual Rote Memory, Vocal and/or Subvocal Rote Memory,

and Logical Memory. However, all material was presented visually

and only recognition tests were used. Eight factors were found, but

7? T7I ,7
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Ue interpretations were too equivocal to establish or refute the

hypotheses. Carlson's interpetations of the factors uret a general

memory factor, three visual memory factors instead of only one, a mean-

ingful memory factor, and three uninterpwetable factors. Weaknesses in

this study include lack of reference tests and experimental dependence

between tests.

Thurstone (5, 59) reported a memory factor as one of his primary

mental abilities; this factor seems to represent Rote Memory, including

both recall and recognition tests.

Woodrow (75) reported a memory factor which probably is Span

Memory, although it might be Rote Memory.

Brener (10) factor-analyed a battery of rLen memory span tests.

All tests were presented either visually or else visually and auditorily

simultaneously. The material used included geometrical designs, colors,

digits, consonants, nonsense syllables, words, and sentences. VA re-

ported a *eneral factor and three group factors; he identified the

general factor as Memvry Span and the group factors as Verbal, Visual

or Spatial Imagery, and Speed of Reading or Speed of Apprehension. The

identifications are not clear, due to lack of reference tests and the

small number of tests in the battery.

Karlin (40, 41) investigated the factorial structure of auditory

function. In his early analysis of only auditory tests (LO), he identi-

fied three factors as Retentivity or Memory for Elements, Tonal SensiL-

tivity, and Memory for Form. In his later analysis (41) he reported

eight identifiable factors, three of which wore related to memory. He

distinguished botwon a General Span Factor, which was independent of

sense modality, and an Auditory Span Formation Factor, which ".#,is

Alt,
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not a memory factor primarily." (41, p. 270.) Karlin did not use any

I of the tys of tests ordinarily used to measure memory span, and it

is somewhat unclewr just how such tests administered auditorily would

fit into this type of stracture. Another factor, which transcended

sense modality, was identif.ied as Incidental Cloeurej the tests with

large projections on this factor all involved recall of the completion

type. These studies still leave unmswered the question as to how these

auditory tests are related factorially to other more common types of

memory tests.

On the basis of several analyses, the U. S. Army Air Force (27)

reported three memory factors. Regarding Ml, Paired-Associates Memory,

the Air Force stated that, "It is involved in tasks requiring aemorisa-

tion of items in pairs, and is evaluated by an immediate test of re-

tention and recognition." (R, p. 823.) About M2, Visual-Memory, they

stated, "It is prominent in tests requiring the retention and recall of

a pictorial stimulus after very short time intervals. The length of

time interval mar be an irrelevant condition in this as in factor M1."

(27 p. 823.) Factor M3 was not given an identifying title; the state-

sent was made that, "This memory factor seems to be restricted to

memorising paired-associates material in which one item is a pictorial

symbol and the other is a verbal symbol." (27, p. 823.)

Thurstone considered the problem of memory factors in a number

of reports from his University of Chicago Psychometric Laboratory (60,

62, 6, 6k). He stated that three memory factors had been isolated.

Fator K, he identified as representing the ability to learn paired

assooiates; this factor "...seems to transcend the nature of the con-

tent so that it in applicable to numerical, verbal, or visual material."

i ~
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(60, p. 6.) Factor M2 was thought to be associated with incidental

memory, and factor U seemed to represent the ability to keep in mind
.3

some perceptual detail. In addition to these three factors, Thurstone

felt that, "There is good indication that auditory memory is not the

asme ability as visual memory." (62, p. 2.) He also stated that there

is an indication of another memory factor "...that may be concerned

with memory for temporal sequences as distinct from paired associations."

(0p. 6.)

Jones (38), in another study from Thurstone's Psychometric Labora-

tory at the University of Chicago, found two memory factors. Factor D

he interpreted as a memory span factor, representing "...the ability to

reproduce, immediately after presentation, a sequence of disconnected

elements"; he felt it likely that "...the process underlying memory

span performance differs from that required for the memory of paired

associates." (38, p. 6.) Factor E was tentatively identified as repre-

senting "...an ability for verbatim recall of meaningful verbal ma-

terial." (38 p. 7.)

Rimoldi (51) factor-analyzed a battery of nineteen non-verbal

I to,-- eA -ai- ,-fl-- identifiable factors. One of these factors,

which he identified as a memory factor, seemed to be measured primarily

by memory span tests.

Zimmerman (78) re-rotated the factor matrix from Thurstone'a Pri-

mary Mental Abilities study (58). He reported two memory factors,

Rote Memory and Memory for Observed Relationships, instead of the

single memory factor found by Thurstone. The Memory for Observed Rela-

tionships factor was only very tentatively identified, with the sugges-

tion that perhaps it is memory for ideas as opposed to rote memory.
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French (21), in his survey and sumary of factor studies, sug-

gested four memory factors which he termed Associative or Rote Memory,

Musical Memory, Span Memory, and Visual Memory. In the light of the

studies reviewed, French raised the following questions:

(1) Is Span Memory distinct from Rote Memory? Both factors

have never appeared in a single study.

(2) Will Rote Memory break into two factors, recall and

recognition? This seems unlikely, but the evidence is unclear.

(3) Is Musical Memory distinct from Rote Memory? (The

further question might be raised as to whether this factor is re-

stricted to music or whether it might not instead be common to a

larger class of auditory tasks.)

(4) What is the nature of Visual Memory? The evidence for

the factor is very thin, though it seems clearly separate from

Rote Memory.

c. Evaluation and criticisms of factor studies.

In general there seem to be three main points of weakness in

previous factor studies in the domain of memory ability. The first

weakness which might be pointed out is that mar studies are too narrow

to reveal the extent of and interdependencies among the different fac-

tors in the memory domain; the studies have used too few memory tests,

ie. the ample of types of memory tasks was too small to clearly

delimit the factors. This narrowness is largely due to the fact that

most of the studies were primarily concerned with problems in domains

other than that of memory.

A second point of weakness which has been fairly common regards

the matter of experimental dependence among tests in the test battery.



Thurstone (61) has shown that when tests in a battery are experimentally

dependent upon one another, the factor structure is seriously disturbed,

with extra factors being added to the structure. Since such an extra

factor usually involves only a very small nmber of tests, the rotational

and interpretational problems are made much more complex, especially if

there are several such factors in a single study.

The third weakness which may be mentioned is the lack of reference

tests in some of the analyses; when such tests are omitted fruwn the

analysis, the rotation of the factors to meaningful positions and their

subsequent interpretation is rendered more difficult and questionable.

d. Unanswered questions. - -

Of the many questions which have been raised by the studies dia-

cussed above, this study will seek to find answers to the following:

(1) Is Rote Memory a distinct, separate factor?

(2) Is Meaningful Memory a distinct, separate factor?

(3) Is Span Memory a distinct, separate factor?

(4) Are each of these three factors independent of the

modality of presentation of the test material?

(5) Are each of these three factors independent of the type

of test material used?

(6) Is Visual Memory a distinct, separate factor?

(7) Are each of these four factors independent of the method

used in testing retention?
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C. Hypotheses To Be Tested

In order to obtain some information pertinent to the answering of

the above questions, the nature of four memory factors was postulated

as follows:

1. Rote Memory. The ability to recall learned meaningless ma-

terial.

2. Meaningful Memory. The ability to recall learned meaningful

material.

3. Span Memory. The ability to recall perfectly a series of unre-

lated items after only one presentation of the series.

4. Visual Memory. The ability to recall material learned by the

formation of an image of a whole visual field.

Additional factors might be postulated, such as Auditory Memory

(of one or more types) and Incidental Memory (of one or more types),

but no attempt will be made to investigate such factors in this study.

On the basis of the four hypotheses formulated above, a battery

of memory tests was constructed by the author. Each test was intended

to measure primarily one of these four factors, with an attempt being

made to vary the task as much as possible within the limits of the

stated hypotheses. Both visually-presented and auditorily-presented

span tests were included in the battery. Although no Auditory Memory

Factor was expected in this battery, several auditorily-presented

non-span tests were included in order that such a factor might be iden-

tified if it should appear. Both verbal and non-verbal tests were

constructed in the attempt to measure Meaningful Memory. Answer types

included primarily the traditional recall and recognition types, to-

j - -@
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gether with some true-false and aultiple-choice items. The testa will

be described in detail in the following chapter.

77



Chapter II

DESCRIPTION OF THE TEST BATTERY

The descripti'ons of the, expor.13ntal tests below are divided into

groups in terms of the factor of which each test was designed to be

primarily a measure. The tests were numbered consecutively in the

order in which they were administered; this administration number is

given preceding the title of the test. Appendix A contains the direc-

tions pages for each test, arranged in order of administration; in al-

most every case these directions contain sample problems. All of the

memory tests used in this study were administered as group tests.

A. Rote Memory Tests

7. Recognition Test I. (Syllables)

Type of task: The examinee must indicate for each syllable in

the test list whether or not that syllable was in the list of sylla-

oles which he studied previously.

Number of items: 18 syllables to be recognised from list of 36.

Time: 1 minute study time.

Scores Number correct.

17. Recognition Test II. (Words)

Type of tank: The exminee must indicate for each word in the

test list whether or not that word was in the list of words which he

heard previously. The words used are two-syllable nouns which are

unrelated to each other.

Number of items: 25 words to be recognized from list of 0.

17
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Time: Words read &Ioud at rate of approxime 'ely 2 seconds each.

Score: Number correct.

23. Recognition Test III. (Figures)

Type of task: The examinee must indicate for each geometrical

figure or symbol in the test group whether or not that figure was in

the group of figures which he studied previously.

Number of items: 4O figures to be recognised from group of 80.

Time: 1 minute study time.

Score: Number correct.

3. Memory for Syllables Test I.

Type of task: The examinee must learn pairs of nonsense syllables

so that when he is presented with the first syllable of a .air he can

reproduce the second syllable.

Number of items: 2 parts, administered consecutively; 6 pairs

per )art.

Time: 1 minute study time for each part.

Score: Number correct.

22. Memory for Syllables Test II.

Type of task: This test is a parallel form of test 3, Memory for

Syllables Test I, using different nonsense syllableS. The examinee

must learn pairs of nonsense syllables so that when he is presented

with the first syllable of a pair he can reproduce the second syllable.

Number of items: 2 parts, administered consecutively; 6 pairs

per part.

Time: 1 minute study tin for each part.

Score: Number correct.



18. Memory for Numbers Test.

Type of task: The examines must learn pairs of words and numbers

so that when he is pre~ented with the word of a pair he can reproduce

the number.

Number of item: 2 parts, administered consecutively; 12 word-

number pairs per part.

Time: 1 minute study time for each part.

Score: Number correct. (Owing to an error in the preparation of

the test, the first part had only 10 possible correct anmors, so the

total possible score was 22 rather than 24.)

6. Memory for Words Test I. (Unrelated words)

Type of task: The examinee must learn pairs of unrelated one-

syllable nouns so that when he is presented with the first word of a

pair he can reproduce the second word.

Number of items: 2 parts, administered consecutively; 10 pairs

per part.

Time: Pairs read aloud twice at rate of approximately 2 seconds

per pair, then first word of each pair read, allowing ample time for

recording of responses.

Score: Number correct.

B. Meaningful Memory Tests

27. Memory for Words Test II. (Related words)

Type of task: The exiinee must learn pairs of related nouns so

that when he is presented with the first word of a pair he can repro-

duce the second word.
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Nimber of items: 2 parts, administered consecutively; 25 pairs

per part.

Time: 45 seconds study time for each part.

Score: Number correct.

25. Sentence Coapletion Test.

Type of task: The examinee must learn a group of unrelated sen-

tences so that when he is presented with a sentence with one word

omitted he can reproduce the missing word. When studying the sentence,

the examinee does not know which word will be omitted.

Number of items: 40 sentences.

Timet 4 minutes study time, then delay of approximately 10

minutes (during which test 26, Memory for Instructions Test, is admin-

istered) before testing.

Score: Number correct.

24. Mempry for Relations Test.

Type of task: The examinee must learn a group of 3 x 3 progres-

sive mAtrices of varied content (including letters, numbers, names of

months, and geometrical designs) so that when he is presented with the

upper left-hand cell of a matrix he can reproduce whichever of the

other cells is called for. (Actually, only calls 5, 6, 8, and 9 Tore

required as response.; cells 2, 3, 4, and 7 were not tested.)

Number of items: 14 matrices.

Time: 6 minutes study time.

Score: Number correct.
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4. Consequences Test I. (Non-verbal)

Type of task: The eximinee is presented with several pairs of

cartoon-type sketches, each pair being the first two panels of a three-

panel sequence. After studying these pairs, the examinee is then pre-

sented with only the first picture of each sequence, and he must select

from three choices the third picture which correctly completes that

sequence.

Number of items: 18 sequences.

Time: 1 minute study time.

Score: Number correct.

16. Consequences Test II. (Verbal)

Type of task: The examinee hears several pairs of sentences read

aloudl the first sentence in each pair states a condition and the

second sentence of the pair states a consequence of that condition.

When the first sentence of each pair is read again, the examinee must

correctly reproduce in his owi words the consequence to that condition.

Number of itemst 20 pairs of sentences.

Time: Approximately 2.5 minutes reading time for the 20 pairs.

Score: Number of ideas correct.

1. Memory for Limericks Test.

Type of task: The examinee must learn a group of limericks so

that when he is presented idth the first four lines of a limerick he

can correctly reproduce the idea and key words of the fifth line.

Number of items: 30 limericks.

Time: 5 minutes study time.

Soore: Number of key ideas correct.
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8. Memory for Ideas Test.

Type of task: After hearing a brief, one-paragraph story, "The

Marble Statue," the examine must reproduce it in his own words. (See

L, P. 81.)

Number of items: 67 idea-units.

Time: Approximately 50 seconds reading time for the story.

Score: Number of idea-units reproduced.

C. Span Memory Tests

S. Number Span Test I. (Auditory)

Type of task: After hearing a sequence of digits, the examinee

must reproduce the sequence. The sequences range in length from four

to twelve digits.

Number of items: 2 sequences of each length, making 18 sequences

in all.

Time: Approximately 1 second per digit reading time.

Score: Number of sequences completely correct.

10. Number Span Test II. (Visual)

Type of task: After seeing a sequence of digits, the examines

must reproduce the sequence. The sequences range in length from four

to twelve digits. Each sequence is presented one digit at a time by

flash cards on a display stand.

Number of items: 2 sequences of each length, making 18 sequences

in all.

Time: Approximate .y 1.5 - 2.0 seconds per digit display time.

Score: Number of sequences completely correct.
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2. Letter Span Test I. (Visual)

Type of task: After seeing a sequence of letters, the examinee

must reproduce the sequence. The sequences range in length from three

to eleven letters. Each sequence is presented one letter at a time by

flash cards on a display stand.

Number of items: 2 sequences of each length, making 18 sequences

in all.

Time: Approximately 1.5 - 2.0 seconds per letter display time.

Score: Number of sequences completely correct.

4Ii. Letter Span Test II. (Auditory)

Type of task: After hearing a sequence of letters, the examinee

must reproduce the sequence. The sequences range in length from three

to eleven letters.

Number of items: 2 sequences of each length, making 18 sequences

in all.

Time: Approximately 1 second per letter reading time.

Score: NuAber of sequences completely correct.

21. Sentence Span Test.

Type of task: After hearing a sentence, the examinee Must repro-

duce it. The sentences range in length from 18 to 33 syllables.

Number of items: 16 sentences.

Time: 3.0 - 6.5 seconds reading time per sentence, depending on

length of sentence.

Score: Number of sentences completely correct.



F24
26. Memory for Instructions Test.

Type of task: After hearing a set of instructions (e.*. 'Check

the 9. Cross out the R."), the examines must carry out the instrue-

tions. The sets range in length from two to five instructions.

Number of items: 16 sets of instructions.

Time: Approximately 1.5 seconds per instruction reading time.

Score: Number of sets of instructions performed completely cor-

rectly.

D. Visual Memory Tests

15. Reproduction of Visual Designs Teat.

Type of task: After seeing a geometric design on a flash card,

the examinee must reproduce that design.

Number of items: 10 designs.

Tim: 5 seconds display time for each design.

Score: 2 points for each correct design, 1 point for each design

with only minor deviations from the correct design.

9. Map Memory Test I. (Reproduction)

Type of task: After studying a product-type map of a fictional

country, the examinee must reproduce the map.

Number of items: ,l features.

Tine: 2 minutes study time.

Score: In general, 1 point for presence of each feature, and 1

point for the correct location of that feature; total possible score

was 56. Full credit was given if a name was reproduced instead of a

symbol.



19. Map Memory Test II. (Verbal recall)

Type of tak: After studying a map of a section of town and

countryside, the examinee must ansr multiple choice questions about

the area portrayed by the map.

Number of items: 14 questions.

Time: 30 seconds study time.

Score: Number correct.

20. Map Memory Test III. (Recognition)

Type of task: The examinee must learn the map of an area of

countryside so that when he is presented with five representations of

a section of that map he can indicate which is the correct representa-

tion.

Number of items: 12 five-choice items.

. Time: 3 minutes study time.

Score: Number correct.

E. Special Tests

X1, 12. 13. Meaningful Memory: Picture, Paragraph, Number.

Type of task: This test is divided into three sections; each

section is scored separately, hence the sections will be treated as

three separate tests. In the Picture section, the examinee must learn

the details of a sketch representing a Venetian scene so that when

he is presented with a sketch of another similar Venetian scene he can

answer true-false questions about the similarities and differences of

the two pictures. In the Paragraph section, the examinee must learn

a long encyclopedia-type article about a country so that he can answer

true-false questions about it. In the Number section, the examinee

: . ] L I - i i _ .. i.. . . J I I I I . . . . ... . . ... .... ... .. ._ _ _ _ U[ [ llI
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must learn detailed information about inventories in two stores so

that he can answer multiple-choice questions about it.

Number of items: Picture section, 30 true-false items; Paragraph

section, 30 true-false items; Number section, 15 five-choice items.

Time: 15 minutes study tlie, 5 minutes for each section; then de-

lay of approximately 20-24 intes (during which are administered tests

14, Letter Span Test II, and 15, Reproduction of Visual Designs); then

15 minutes testing time, 5 minutes for each section.

Score: Number correct.

These three tests were developed by the Educational Testing Serv-

ice; they were not constructed by the author. They were included in

the battery to determine their factor structure rather than to be pri-

• arily measures of oe or another of the four hypothesized factors;

however, in the light of the hypotheses it was expected that the Pie-

ture section would have its highest loading on Visual Memory, and that

the Paragraph and Number sections would be highest on Meaningful

Memory.

Table 1 below gives a breakdown of the memory tests by method of

testing. The Recognition tests merely require the examinee to recog-

nise stimuli which he has previously experienced; the Completion Recall

tests require the examinee to reproduce a part of each previously-

examined stimulus when he is presented with the remainder of that stim-

ulus; the Free Recall tests require the examinee to reproduce completely

the previously-experienced stimuli.

The next table, Table 2 below, gives a breakdown of the memory

tests by type of material and modality of presentation. It will be

remembered that this study did not attempt to investigate auditory

imr
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TABLE 1. CLASSIFICATION OF THE 27 MEMAORY TESTS
BY METHOD OF TESTING RETENTION

Recognition Completion Recall Free Recall

Paired-Associates Other

7. Recognition 3. Memory for 1. Memory for 2. Letter.S pan
I (Syll.) Syllables I Limericks I (Via.

17. Racognition 6. Memory for 14. Consequences 5. Number S pan
II (Wda*) Words I I (NVb) I (MAd.)

(Unrel.)

20. Map Memory 18. Memory for 1.1. Mean. Memory: 8. U1emory for
III (Recog.) Nabers Picture Ideas

23. Recognition 22. Memory for 12. Mean. Memory: 9. Map Memor I
*InI (rips.) Syllables Paragraphi (Reprod.)

II

27. Memory for 13. Mean. Memory: 10. Number Span
Words II Number II (va.)
(Rel.)

16. Consequences 114. Letter Span
II (Vm) II (MAd.)

19. Map Memory 15. Reproduction
II (Verb.) of Visual

Designs

24. Memory for 21. Sentence Span
Rel1ati ons

25. Sentence 6. Instructions
Completion Span
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TABLE 2. CLASSIFICATION OF THE 27 MEMORY TESTS BY TYPE

OF MATERIAL AND MODALITY OF PRESENTATION

Type Of Verbal Non-verbal
Material
lodality
of Pro- Visual Auditory Visual Auditory
aentation

1. Memory for 5. Number Span 4. Consequences (None)
Limericks I (Auditory) I (Non-

verbal)

2. Letter Span 6. Memory for L1. Leaningful
I (Visual) Words I Memory: Pic-

(Unrelated) ture

3. Memory for 8. Memory for 1. Reproduction
Syllables I Ideas of Visual

Designs

7. Recognition 14. Letter Span 23. Recognition
I (Sylla- II (Audi- III
bles) tory) (Figures)

10. Number Span 16. Consequences ?4. Memory for
, II (Visual) II (Verbal) Relations

12. Meaningful 17. Recognition
Memory: II (Words)
Paragraph

13. Meaningful 21. Sentence
Memory: Span
Number

18. Memory for 26. Memory for
Numbers Instruc-

tions

22. Memory for
Syllables
II

25. Sentence
Completion

27. Memory for
Word II
(Related)

*9. Map Memory P9. Map Memory
I (Repro- I (Repro-
duction) duction)

19. Map Memory 19. Map Memory
II (Verbal) II (Verbal)

20. Map Memory 0. Map Memory
III (Recog- III (Recog-
nition) nition)

*Although these Map Memory tests were primarily non-verbal, the maps did con-
tain sone verbal material, especially Map Memory I.
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memory; however, some auditory tests were included in the study in

order to estimate the generality of the hypothesized factors of Rote,

Meaningful, and Span Memory.

F. Reference Tests

It seems quite evident that the tests described above measure

other than just memory abilities. In order to find out what addi-

tional abilitie, are being measured, so that these sources of variance

can be recognized and allowed for in the interpretation of the memory

factors, thirteen additional tests were added to the test battery.

Henceforth, these tests will be referred to as reference tests. All

of these tests were chosen from the U. S. Air Force Airman Classifica-

tion Battery; detailed descriptions may be found in the U. S. Army

Air Forces Aviation Psychology Program Research Reports (17, 27, LO).

Brief descriptions of these tests will be given below. Scores on

these tests are reported by the Air Force in terms of stanines; eta-

nines are single-digit scores derived from the raw scores and con-

verted by the Air Force so that a defined population will have a mean

score of 5 and a standard deviation of 2. Since all of the examinees

had previously taken these tests, it was unnecessary to readminister

them along with the memory tests.

28, Instrument Comprehension. CI 616 C-C2.

Type of task: The examinee is presented with drawings of two

instruments, a compass and an artificial horizon, followed by five

photographs showing an airplane in different positions; he must choose

the picture which is in agreement with the two instrument readings.

i~



30

Number of items: 60.

Time: 15 minutes. This test is fairly highly speeded.

Score: R - w/4.

Factor content: Spatial Relations, Visualization, Reasoning II.

29. Mechanical Principles. CI 903 B.

Type of task: The examinee must answr questions concerning

mechanical principles and devices which are illustrated by means of

pictures and diagrams.

Number of items: 40.

Time: 20 minutes. This test is not stated to be speeded.

Score: R - W/2 + 20.

Factor content: Deduction, Mechanical Experience, Visualization,

Spatial Relations.

30. Rudder Control. CM 120 C.

Type of task: This test requires the manipulation of rudder

pedals to bring a cockpit into a condition of equilibrium. The exam-

ine. is placed in a model cockpit and instructed to keep a sighting

bar on the fuselage in front of him pointed at a target.

Number of trials: 6.

Time: 1 minute per trial.

Score: Total time cockpit is pointed directly at target.

Factor content: Psychomotor Coordination, Visualization, Pilot

or Flying Interest.

31. Complex Coordination. CM 701 E.

* "Type of task: The examines must respond to complex perceptual

signals by making coordinated movements of airplane controls. A

IIENDOOSO~t AOW
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pattern of three red lights in 1.-esented to the examinee, who must then

manipulate the stick and rudder controls so as to light corresponding

green lights; as soon as all lights are matched, a new stimulus pattern

is presented.

Number of items: Varies with examinee.

Time: 8 minutes.

Score: Number of patterns correctly matched.

Factor content: Psychomotor Coordination, Spatial Relations.

32. Arithmetic Reasoning. CI 206 C.

Type of task: The examinee must solve mathematical problems

which are stated verbally; mary of the problems are couched in avia-

tion terms.

Number of items: 30.

Time: 35 minutes. This test is not stated to be speeded.

Score: 2R - W/2.

Factor content: Numerical Facility, Deduction, Verbal Comprehen-

sion.

33. Reading Comprehension. CI 614 H.

Type of task: The examinee must make valid inferences from read-

ing material as well as answer more direct questions about content.

The paragraphs were taken from technical material, including tests on

navigation, physics, map reading, astronomy, and airplane instruments.

Number of items: 8 paragraphs, 36 questions.

Time: 30 minutes. This test is fairly highly speeded.

Score: 2R - W/2.

Factor content: Verbal Comprehension, Deduction, Numerical

Facility.

i
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34. Vocabulary. CI 604 B.

Type of task: The examinee must select synonyms for given words.

Number of items: 150.

Time: 15 minutes. This test is highly speeded.

Score: R - W/4.

Factor c-ontent: Verbal Comprehension.

35. Dial and Table Reading. CP 622-21 A.

Type of task: In the dial reading section, the examinee is pre-

sented with seven dials such as might be found on the control panel

of an airplane; he must answer questions concerning the readings on

the dials. In the table reading section he must answer questions

which require the consultation of tables of figures.

Number of items: Dial reading section, 57 questions on 10 sets

of dials; table reading section, 86 questions.

Time: Dial reading section, 9 minutes; table reading section, 15

minutes. This test is fairly highly speeded.

Score: 1/2(R - W).

Factor content: Perceptual Speed, Numerical Facility, Spatial

Relations.

36. Spatial Orientation I. CP 501 B.

Type of task: At the top of each test page there is a large

aerial photograph, with six circular photographs below it which are

sections of it. The examinee must find the area in the large photo-

graph that is the same as each of the small photographs.

Number of items: 49 items based on 9 large aerial photographs.

Time: 5 minutes. This test is highly speeded,.
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Score: R -W+ 20.

Factor content: Perceptual Speed.

37. Coordinate Reading. CP 224 B.

Type of task: The examinee is presented with a circular graph

which simulates an oscilloscope screen; this graph is graduated in

degrees from 00 to 3600, and in concentric circles representing ten-

mile intervals. Located within the circle are dashes representing

target returns on the oscilloscope screen. The examinee must deter-

_ mine the bearing and range of each dash line from the center of the

circle; the items are multiple-choice in form.

Number of items: 85.

Time: 20 minutes. This test is speeded.

Score: Total number correct.

Factor content: Perceptual Speed, Numerical Facility, Spatial

Relations.

38. Discrimination Reaction Time. CP 611 D.

Type of task: The examinee is presented with a visual stimulus

pattern, consisting of one red and one green light, in which the prin-

cipal element is the spatial relation of the two lights. He must make

a differential response to this spatial arrangement by tripping one of

four switches, the correct switch depending on the position of the red

light with respect to the green one.

Number of items: 80 reactions, in 4 groups of 20 each.

Time: Varies with examinee.

Score: Total accumulated time between stimulus and correct

response.

I~w~~~-O -4-
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Factor content: Spatial Relations, Perceptual Speed, Finger Dex-

terity.

39. Spatial Orientation II. CP 503 B.

Type of task: Each test page contains a standard aviation map

which is sectioned off into twelve squares; below the map are four

aerial photographs of portions of the area portrayed in the map. The

examinee must match the photographs to the proper sections of the map.

Number of items: 50 items based on 13 aerial maps.

Time: 18 minutes. nis test is highly speeded.

Score: R - W + 20.

Factor content: Perceptual Speed, Visualisation.

40. Numerical Operations. CI 702 B.

Type of task: The examinee must solve simple problems in addi-

tion, subtraction, multiplication, and division.

Number of items: Part I (addition and multiplication), 100 items;

Part IT (subtraction and division), 80 items.

Time: 5 minutes for each part. This test is highly speeded.

Score: 1/2(R - 3W).

Factor content: Numerical Facility.

These, then, were the 40 tests making up the test battery. The

methods used in the collection and analysis of data will be discussed

in the next chapter.
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Chapter III

DATA COLLECTION AND ANALYSIS

A, The Population

The population used in this study was composed of U. S. Air Force

pilot cadets who were entering basic pilot training at Lackland Air

Force Base, San Antonio, Texas, in November, 1952. The total number

of cadets taking the 27 memory tests was 480; the testing was done in

groups as indicated in Table 3 below.

TABLE 3. TESTING SCHEDULE

Number
Group Date tested

1 November 10, 1952 (Monday) 81
2 November 12, 1952 (Wednesday) 78
3 November 13, 1952 (Thursday) 77
4 November 14, 1952 (Friday) 83
5 November 17, 1952 (Monday) 76
6 November 18, 1952 (Tuesday) 85

Total 480

All of these men had previously taken the tests composing the Air

Force Classification Battery, so it was unnecessary to readminister

the reference tests. However, reference-test scores were unavailable

for some of the men; total data was obtainable for 442, so only these

cases were used in this study.

The ages of the examinees ranged from 19 to 27 years, with a mea

age of 21.6 yearsl the complete age distribution is given in Table 4

* below.
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TABLE 4. AGE OF EXAMINEES

Age in years Frequency

19 21
20 88
21 114
22 118
23 62
24 21
25 10
26 5
27 3

Total 442
Mean age 21.6

These men had all had at least a high school education; a complete

breakdown on amount of education is given in Table 5 below.

TABLE 5. AMOUNT OF EDUCATION OF EXAMINEES

Education Frequency

11 years 2
12 years 101

1 year college 60
...... 2 years college 112

3 years college 52
4 years college 81
Professional school 4

graduate

Total 442

B. The Testing Procedure

All testing was conducted by a regular testing team from the

Human Resources Research Center; the author was present at all testing

sessions as an observer and adviser. Since the tests were adminis-

tered by Air Force personnel, and since ,iany Air Force tests were

taken during the ame sessions as the memory tests, there is reason to

believe that the men considered the memory teats as a regular part of

I!
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the Air Force testing. It was hoped that the regular orientation state-

ment made by the testing officer at the outset of the testing would

provide sufficient motivation for the subjects to perform as well as

possible.

Each examinee was completely tested in a single day; there were

two testing sessions, morning and afternoon. In the morning session,

three Air Force tests were ad..nistered; following this, the men were

rw given a ten-minute break during which they were allowed to leave the

room. After the break they were given another Air Force test, and then

Book I of the memory battery was administered. After Book I, there

was a 2-3 minute break during the collection of Book I and the distri-

bution of Book II. After the administration of Book II, the men were

dismissed for lunch. In the afternoon seseton, the first test admin-

istered was another Air Force test; then Book III of the memory battery

was given. The men were allowed to take a ten-minute break between

tests 22 and 23. The last test for the day was an Air Force test.

All of these Air Force tests were unrelated to this study.

In addition to these tests, each man spent another full day taking

only Air Force tests; groups 2, 4, and 6 took these tests before taking

the memory battery, while groups 1, 3, and 5 took these tests after

taking the .Aemory tests,

C. Scoring of Tests

All 27 of the memory tests were independently scored twice; any

discrepancy in score was eliminated by a third scoring of that test.

Two of the tests, 15, Reproduction of Visual Designs, and 8, Memory

for Ideas, were scored by the author; the other tests were all scored

A'
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by members of the scoring staff at the Educational Testing Service.

The actual scoring methods used were reported in Chapter II.

The single-digit stanine scores on the reference test were

furnished by the Air Force.

The frequency distribution of test scores, the mean, and the

standard deviation of each test are presented in Appendix B, Table

C-1 (Appendix C, first table) gives the total possible score, the mean,

and the standard deviation for all 40 tests in the battery.

No direct measurement of the reliability of the 27 memory tests

was made; however, two types of indirect estimates are available. It
can be shown that the reliability of a test is equal to or greater

than the correlation between that test and any other variablej also,
2

the final computed communality estimate, hj, for each test I furnishes

another lower-bound estimate of the reliability coefficient, since

hj rjj (61, p. 84). The intercorrelation coefficients of the tests

are presented in Table C-21 the final communality estimates are shown

in Table C-fl. For the purposes of a factor analysis study, it is not

necessary that a test be as reliable as it should be if it were to be

used for the selection of individual examinees; with this in mind it

can be seen that most of the tests in the battery are reliable enough

to yield meaningful factorial results.

Reliability data on the 13 reference tests have been reported by

the Air Force (17, 27, 50).

D. Computation of Correlation Coefficients

The correlation coefficients were computed entirely on I.B.M.

equipment. The scores on the 40 tests were punched into I.B.M. cards;

I I , 4A
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then sums, suns of squares, and sums of cr3ss-products were tabulated

and automatically punched in summary cards. These tabulations were

t made at the Educational Testing Service using a type 402 Accounting

Machine, together with appropriate auxiliary equipment. (A type 405

Accounting Machine coul( have been used Just as wll.)

The coefficients of correlation were then computed on an I.B.M.

Card-Progrmmed Calculator by the Computation Laboratory at the For-

restal Research Center of Princeton University. These computations

wre made from the data on the summary cards prepared at the Educa-

I tional Testing Service.

Table C-2 presents the intercorrelations of the 40 tests.

I. E. Factor Analysis of the Complete Battery

The multiple group method of factoring (61, pp. 170-175) was used

to obtain the original unrotated orthogonal factor matrix. Expressed

in matrix algebra, the method given by Thurstone is as follows:

Rjk - reduced correlation matrix (communality estimates in
diagonal cells).

W - weight matrix defining groups.

R3kW = Z . (1)

Z'W = W'R =T (2)JkW

Y 6 a diagonal matrix with entries equal to 1A/E .. (3)

YTY = (i.e., Y is so defined that R has unit (4)
p agonals).

R E'E . Rpq is factored by the diagonal or tri- (5)
angularization method. (61, pp.

101-105.)

E-1 is computed.
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* zY =u . (6)

E-1 = F whereR =FF' .(7)
jk

Dr. Ledyard R Tucker suggested shortening the computations by

eliminating the steps involving the Y matrix as being unessential, so

the method reduced to the following steps:

RjkWZ . (8)

Z'W=W'R jkW=T . (9)

T = B'B T is factored by the diagonal method. (10)

B-1 is computed.

ZB-1 = F , where Rk = FF' . (11)

In the equations given above, the matrix W defines the groups;

the groups wre chosen as representing clusters in the correlation

matrix. A first examination of the matrix of intercorrelations re-

sulted in the selection of seven groups; the intercorrelation matrix

Ro is given in Table C-2, and the matrix Wa defining the first seven

groups is given in Table C-3. The highest correlation coefficient in

each column of the correlation matrix was chosen as the first comu-

nality estimate for that variable, and these seven groups wre factored

out of the correlation matrix by the method outlined above; this re-

suited in a factor matrix Fa, given in Table C-4.

A matrix of residual correlation coefficients, Ra, was then con-

puted by the formuLa:

R a R -FF ' (12)
a 0 aa



Matrix R i s given in Table C-5. An examination of R revealed four
a a

groups or clusters; matrix Wb, Table C-6, defines these groups. The

comnunalities were reestimated in the same manner as before, and then

these four groups were factored out of R a, giving factor matrix Fb,

Table C-7.

Again the residual correlations were computed, and an examination

of this matrix Rb, Table C-8, failed to reveal any additional groups.

Since no further groups were indicated, and since the residual correla-

tions were so small, no further factors were extracted; thus matrix Rb

is the first matrix of residual correlation coefficients, henceforth

referred to as matrix R.. Matrices F and Fb were combined into a

single factor matrix F1, which is shown in Table C-9.

All of these computations were carried out on the Card-Programed

Calculator at the Forrestal Research Center of Princeton University.

Since high-speed computing was available, it was decided to iterate

the factor solution to stabilize both the communalities and the weights

defining the groups. Accordingly, the communality estimates computed

from factor matrix F1 were inserted in the diagonal cells of R0, and

the matrix F1 was used as the new weight matrix to define the groups.

A new factor matrix F2 was extracted by the method previously outlined,

and the communality estimates from F2 were computed. Matrix F2 and the

corresponding new communality estimates computed from it are shown in

Table C-1O.

The iteration of the solution to stabilize the communality esti-

mates is a standard recommended procedure (61, p. 295). This type of

iteration of the factor weights is simply Hotelling's iterative method

of factoring (61, p. 483); this method if carried to complete converg-

ence will yield the principal-axis factor matrix.



F
It was decided to iterate the solution yet another time, hence

the communality estimates computed from F were inserted in the diagonal
2

cells of R and F was used as the weight matrix to define the groups.

However, a difficulty was encountered in the process of extracting the

factors. It will be noticed that equation (10) calls for the factoring

of a small matrix T into a matrix B and its transpose B'1 the diagonal

or triangularization method of factoring was used (61, pp. 101-105).

In carrying out the triangularisation, the lower right-hand entry in B,

the last value to be computed, turned out to be an imaginary number.

This difficulty might arise from either of two causes: (1) The

true rank of the reduced matrix R0 might be ten rather than eleven.

Since the solution is converging to the principal axis solution the

mount of variance on the eleventh factor is in a sense being minimized;

hence, if the eleventh factor is actually only some sort of random

"noise" factor, this might show up as a negative root of the character-

istic equation uhich could cause the imaginary number found in this

analysis.

(2) On the other hand, it is possible that such an imaginary number

could arise if most or all of the communality estimates were too low.

It seems quite likely that this method of iterating the comunality

estimates might bring about this situation. Consider this problem in

the following manner. Let the correlation matrix, with urties in the

diagonals, be factored; the complete factor matrix may be considered

to be composed of three subsections-a common factor section, a "roise"

or residual factor section, and a "unique" factor section. The itora

tion of communality estimates in the mamner described above will result

in a convergence only to the values based on the common factor section;
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but the correlation matrix, even when reduced by subtracting out the

unique factor section, still contains the "noise" factors, which are

small to the point of being negligible but are nevertheless present.

Thus it would occur that the communality estimates obtained would be

underestimates of the values which actually should have been used.

Sine# the appearance of the imaginary number meant that if the

analysis was continued the loadings on the Aleventh factor would all

be imaginary numbers, some action was felt to be desirable. It was de-

cided to add *05 to each communality estimate computed from F2 and to

recompute the second iteration. If the rank of the reduced correla-

tion matrix were truly ten instead of eleven, this fact would become

apparent when the factor matr2x was rotated; if the second situation

outlined above prevailed, this addition of .05 should probably be

enough to correct the difficulty.

After this .05 was added to the comnunality estimates, the solu-

tion was iterated with no further difficulty to obtain F3 , hich is

shown in Table C-flj again new communality estimates were computed.

Table 6 below shows the sumary statistics for the frequency distribu-

tions of the differences between each set of comunslity estimates.

TABLE 6. DISTRIBUTION STATISTICS FOR THE
DIFFERENCES BETWEEN SUCCEEDING CCMMUNALITY ESTIMATES

2 2 2h 2 2  2

Range -. 37 to +.25 -. 02 to +.10 -. 09 to +.O
Mean .026 .05l -. 030

S.D. .123 .024 .025
h= Original comunality estimates

2
-a Cmmunality estimates used in first iteration

4 a second iteration

a computed frm factor matrix F3
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A new matrix of residual correlations was computed; an examina-

tion of the matrix R3 (Table C-12) failed to re-eal any additional

groups. The distribution of these residual correlation coefficients

is summarized in Table 7 below.

TABLE 7. DISTRIBUTION STATISTICS FOR THE RESIDUAL

CORRELATION COEFFICIENTS IN MATRIX R3

Range -. 0890 to .0979

Mean -. 0005

S.D. .0300

Since the factor matrix was to be rotated to a psychologically

meaningful position, it was not necessary to continue to iterate until

complete convergence to the principal axis solution was obtained. It

was felt that the solution was near enough to the principal space at

this time, so no further iterations were performed; thua matrix F3

(Table C-11) is the final unrotated orthogonal factor matrix.

F. Independent Analysis of Reference Tests

In order to clarify the identification of the reference factors,

it was decided to factor-analy$ independently Just the intercorrela-

tione of the 13 reference tests. A centroid analysis was performed;

all computations wre done on a desk calculator. Five factors were

extractedl these factors were rotated to oblique simple structure.

All pertinent data are presented in Appendix D.
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G. Rotation of Axes

The rotation of axes was greatly facilitated by the use of the

Matrix Rotator at The Adjutant General's Office in Washington, D. C.

First, the axes wre rotated orthcgonally uintil a fairly good simple

structure was obtained; then the axes were rotated obliquely to improve

the simple structure. After the author's return to Princeton, nine

additional rotations were made in order to clarify further the simple

structure. The rotated oblique factor matrix, V, is presented in Table

C-14; the correlations between the primary factors are shown in Table

C-16.

Throughout the report the entries in the V matrix will be referred

to as "factor coefficients" rather than as "factor loadings." In the

oblique case, a factor loading is generally considered to be the oblique

projection of a test vector on a primary-factor vector; an entry in

the V matrix, however, represents the orthogonal projection of a test

vector on a reference-factor vector.

The exact relationships between all the variables in the oblique

case have been shown (61, pp. 347-359); among other relations it was

shown that the factor coefficients are proportional to the factor

loadings. Sam of these relationships may be expressed in the follow-

ing manners

Let RM = reduced correlation matrix.

FJS a unrotated orthogonal factor matrix.

Amc a oblique transformation (rotation) matrix.
V -a rotated oblique matrix of factor coefficients.

D a orthogonal projections of primary-factor vectors on
o reference-factor vectors. (This'is .a diagonal matrix;

all off-diagonal cell entries are sero.)

l alI
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A - rotated oblique matrix of factor loadings.
jp

Then

Rjk = F3mFm' . (13)

FJjAo =vjo (14)

V D -  (1S)jo = jp

R = v (A ' )- V  ' (16)

R jk - A j A ' , whereR = D.(AmAo' . (17)

The V matrix of factor coefficients is the matrix usually reported

in factor analysis studies using oblique rotations; quite commonly,

homver, the entries in this matrix are referred to as factor loadings.

The term "factor coefficient" has been adopted in order to indicate

precisely that the V matrix, not the A matrix, is being reported.

In interpreting the factors, either matrix (coefficients or load-

ings) will place the tests in the same rank-order of magnitude; in

general, the magnitude of the factor coefficients seem to the author

to be more useful in making the interpretation. Since in most other

obliquely-rotated analyses the V matrix has been reported instead of

the A matrix, it seems logical to assiue that other authors have also

found it preferable. e

The interpretation of the factors will be presented in the fol-

lowing chapter.
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Chapte IV

RESULTS AND INTERPRETATION

A. Factor Analysis of Reference Tests

This section will be devoted to the discussion of the results of

the factor analysis of intercorrelations of the reference testsl see-

tion B of this chapter will consider the results of the analysis of

the intercorrelations of the complete battery of tests. Table D-5

presents the rotated oblique factor matrix, V, for the analys.s of

the 13 reference tests. The five factors which were extracted are

identified below; the information in Tables 8-12 was taken from Table

D-5.

TABLE 8. TESTS HIGH ON REFERENCE-TEST FACTOR A

Factor
Test Coefficient

31. Complex Coordination .58
30. Rudder Control .49
29. Mechanical Principles .37
28. Instrumnt Comprehension .22
38. Discrimination Reaction Tim .20

Reference-Test Factor A: Kinesthetic-Spatial Relations. This factor

appears to represent the ability to coordinate and integrate a visual-

spatial stimulus with kinesthetic senations. (These sensations may

be real or they may result from kinesthetic imagery.) This factor

apparently represents a confounding of the Psychomot Coordination

and the Space factors identified by French (21).

'47
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TABLE 9. TESTS HIGH ON REFERENCE-TEST FACTOR B

Factor
Test Coefficient

34. Vocabulary .66
33. Reading Comprehension -59

Reference-Test Factor B: Verbal Comprehension. Although this factor

is only a doublet, it is such a well-established factor that it may

be interpreted as representing knowledge of language and facility in

the manipulation of verbal material.

TABLE 10. TESTS HIGH ON REFERENCE-TEST FACTOR C

Factor
Test Coefficient

32. Arithmetic Reasoning .1
29. Mechanical Principles .45
37. Coordinate Reading .33
39. Spatial Orientation II .31
28. Instrument Comprehension .27
33. Reading Comprehension .26

Reference-Test Factor C: Deduction-Visualisati:n. This factor ap-

pears to represent the ability to reason from the general to the

specific in situations requiring the manipulation of objects in the

imagination. There seems to be confounding of the Visualization

factor with the Deduction factor; these factors were both defined by

French (21).

TABLE 11, TESTS HIGH ON REFERENCE-TEST FACTOR D

Factor
Test Coefficient

40. Nuaerical Operations .62
32. Arithmetic Reasoning .48
35. Dial and Table Reading .48
37. Coordinate Reading .33
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Reference-Test Factor D: Numerical Facility. It seems clear that

this factor represents facility in the manipula+ion of numbers.

TABLE 12. TESTS HIGH ON REFERENCE-TEST FACTOR E

Factor
Test Coefficient

36. Spatial Orientation I .53
37. Coordinate Reading .52
39. Spatial Orientation II .49
28. Instrument Comprehension .35
35. Dial and Table Reading .35

Reference-Test Factor E: Perceptual Speed. This factor appears to

represent the ability to inspect and compare visual forms rapidly.

The intercorrelations of these primary factors are shown in

Table D-6. It can be seen that Reference-Test Factors A, B, D, and

E intercorrelate positively to a moderate degree, while Reference-

Test Factor C is more independent of the others. Within a population

as highly selected as this one it is to be expected that the factors

will show moderate intercorrelations such as these.

These results show that this group of reference tests clearly

identi , three factors, while two other factors which involve visual

tasks are not very clear. Thus this set of reference tests is not

as good as was desired for this study, since one of the four factors

hypothesized was the Visual Memory factor. However, it is possible

that the inclusion of the tests specifically designed to measure

Visual Memory might help to clarify the factor structure in this

area; Visual Memory is again discussed along with Factors I, J, and

K in the next section of this L.hapter.
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B. Factor Analysis of the Complete Battery

The results of thA analysis of the complete battery of 40 tests,

together with the interpretation of i .,ese results, are given below.

Table C-14 presents the rotated oblique factor matrix, V, for the analy-

sis of the complete battery. The eleven factors which were extracted

are identified in the following pages; the information in Tables 13-23

was taken from Table C-14.

TABLE 13. TESTS HIGH ON FACTOR A

Factor
Test Coefficient

*34. Vocabulary .60

*12. Meaningful Memory: .51
Paragraph

*33. Reading Comprehension .48
*21. Sentence Span .38

32. Arithmetic Reasoning .25

*This test had its highest factor
coefficient on this factor.

Factor A: Verbal Comprehension. This factor appears to repre-

sent knowledge of language and facility in the manipulation of verbal

material; it corresponds to Reference-Test Factor B and to Factor V as

identified by French (21, p. 24). The interpretation of this factor

seems to be very clear.

TABLE 14. TESTS HIGH ON FACTOR B

Factor
Test Coefficient

*40. Numerical Operations .67
*32. Arithmetic Reasoning .54

35. Dial and Table Reading .47
37. Coordinate Reading .35
24. Memory for Relations .26

*This test had its highest factor
coefficient on this factor.
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Factor B: Numerical Facility. This factor seems to represent

facility in the manipulation of numbers; it corresponds to Reference-

Test Factor D and to Factor N as identified by French (21, p. 225)

Again there does not seem to be much question as to the interpretation

of this factor.

One might ask about the two number span tests, tests 5 and 10, and

about the paired associates word-number test, test 18. The two number

span tests have factor coefficients in the indeterminate range where

it is not at all clear whether or not to consider the coefficients as

being significantly different from zero; the coefficient of the ,vrd-

number test is clearly not significantly different from zero. The

magnitudes of these coefficients fit in with the interpretation of this

factor made above, i.e., the mere presence of numbers in a test is not

sufficient for that test to have a high coefficient on this factor;

rather, the tests with high coefficients on this factor all seem to

require the manipulation of numbers in some manner.

TABLE 15. TESTS HIGH ON FACTOR C

Factor
Test Coefficient

*36. Spatial Orientation I .70
*35. Dial and Table Reading .58
*37. Coordinate Reading .52

39. Spatial Orientation II .43
*38. Discrimination Reaction Time .39
* 9. Map Memory I (Reproduction) 35
31. Complex Coordination .31
28. Instrument Comprehension .28
40. Numerical Operations .26

* 4. Consaquences I (Non-verbal) .23
15. Reproduction of Visual Designs .22
24. Memory for Relations .22
20. Map Memory III (Recognition) .21

*This test had its highest factor coefficient on
this factor.
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Factor C: Perceptual Speed. This factor appears to represent the

ability to perceive rapidly; tests with higth coefficients on this factor

involve the rapid inspection and comparison of visual forms, with the

notation of similarities and differences in form and detail. This

factor cnrresponds to Reference-Tes Factor R and to Factor P as iden-

tified t; French (21, p. 277). The identification of this factor also

is quite clear.

TABLE 16. TESTS HIGH ON FACTOR D

Factor
Test Coeffinient

* 6. Memory for Words I (Unrelated) .64
*17. Recognition II (Words) °53
*18. Memory for Numbers °53

3. Memory for Syllables I .41
*13. Meaningful Memory: Number .36

27. Memory for Words II (Related) .36
22. Memory for Syllables II .34
14. Letter Span II (Auditory) .33
5. Number Span I (Auditory) .27

10. Number Span II (Visual) .26
7. Recognition I (Syllables) .21
2. Letter Span I (Visual) .20

12. Meaningful Memory: Paragraph .20

*This test had its highest factor coefficient on
this factor.

Factor D: Rote Memory. There seems to be little doubt that this

is a memory factor; it is interpreted as representing the ability to

remember bits of unrelated factual material. This factor corresponds

to Factor M identified by French (21, p. 219).

Tests 3, 6, 7, 17, 18, and 22 were constructed in an attempt to

measure the hypothesized factor of Rote Memory; all of these tests

have high coefficients on this Factor D. In addition, tests 6, 17, and

18 have their highest coefficients on this factor, while tests 3 and

WN
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22 have higher coefficients only on a doublet factor which represents

the common variance of these two paired-associates nonsense-syllable

tests. Test 7, while being low on this factor, is low on all factors;

its highest coefficient is only .24, on Factor I. The communality of

this test is only .321 hence either the test is very unreliable or

else it has a great amount of specific variance.

Now, what is the nature of tests 2, 5, 10, 12, 13, 14, and 27,

the tests with moderately high coefficients on this factor which were

designed to be primarily measures of other factors? Tests 2, 5, 10,

and 14 are the number span and letter span tests; it does not seem

unreasonable for these tests to have high coefficients on a rote memory

factor. However, the coefficients for these four tests are compara-

tively low, and they all have higher coefficients on Factor F; more

will be said about them when Factor F is discussed. Tests 12 and 13

were two of the three experimental tests not specifically constructed

for this study, but it was thought that they would be primarily meas-

ures of a meaningful memory factor; more will be said about these two

tests in the discussion of Factor E below. Test 27 will also be dfs-

sussed with Factor E. However, in examining the nature of each of

these tests, it does not seem particularly surprising that they should

appear on a rote memory factor as defined above.

Most of the tests with high coefficients on this factor are com-

posed of relatively discrete elements; in general, no obvious relation-

ships exist among the elements. There are a few tests where some rela-

tionships do exist, tests 27, 12, and 13. (Test 27 had a higher coeffi-

cient or Factor E, to be discussed next.) It seems not unlikely that

on these three tests some examinees did not make use of the relation-



ships in remembering the elements, which would account for the appear-

ance of these tests on this Rote Memory factor. This possibility could

be checked by getting introspective reports from examinees.

What conclusions can be drawn about this factor? First the Rote

Memory factor did not split into two separate factors-recognition and

paired associates. The memory tests in this battery may be roughly

classified into three categories: Recognition, Completion Recall (in-

cluding paired associates and multiple choice), and Free Recall. It

may be seen in Table 16 that tests from all three of the categories

appear on this factor; it is true that the five paired associates tests

are among the top seven tests, while one of the other two tests in this

top- group is also a completion recall test. However, test 17, with the

second highest coefficient on this factor is a recognition test; and

the number span and letter span tests, with lower coefficients, are

free recall tests. Thus on the basis of this study it may be concluded

that completion recall tests, in particular paired associates tests,

are the best measures of this factor, but that the factor is not

restricted to tests of this kind.

It can be seen that the content of the tests with high coeffi-

cients on the Rote Memory factor includes numbers, letters, nonsense

syllables, and words. This factor is not specific to one modality of

presentation, since some of the tests were presented visually and some

were presented auditorily. However, all of this material is verbal,

and the testing necessitates verbalization of the material by the

examinee; hence it is quite possible that this factor is restricted to

verbal material. This is a problem which must be investige Ad

further.
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TABLE 17. TEST HIGH ON FACTOR E

Factor
Test Coefficient

*25. Sentence Completion .53
* 1. Memory for Limericks .48
*16. Consequences II (Verbal) .44
*27. Memory for Words II (Related) .43
8. Memory for Ideas .35

*11. Meaningful Memory: Picture .22
23. Recognition III (Figures) .21

*This test had its highest factor coefficient on
this factor.

Factor E: Meaningful Memory. This factor seems to represent

the ability to remember material which is meaningful. The term "mean-

ingful" has not been precisely defined; only an intuitive definition

of its meaning has been implied, both in the test construction and in

the identification made above.

Tests 1, 4, 8, 16, 24, 25, and 27 were specifically constructed

in an attempt bo measure the hypothesized factor of "Meaningful Memory,"

while tests 12 and 13 were also thought to be measures of such an

ability. It will be noted that five of these seven tests (numbers 4

and 24 are the exceptions) are high on this factor; of these five,

only test 8 does not have its highest coefficient here.

Several specific tests need to be considered; for example, what

happened to tests 4 and 24? Test 4, Consequences I (Non-verbal),

turned out to be much too easy for this population; the score distri-

bution was extremely negatively skewed, with the large majority of

examinees making perfect or near-perfect scores; its coefficient on

this factor was in the indeterminate range of possible significance.
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Test 24, Memory for Relations, had essentially a zero coefficient

on this factor; although this test seems to line up more with the

visual tests than with those on this factor,, its nature is not made

clear in the analysis of this test battery. The eoefficient8 on Factors I

and K perhaps indicate that the examinees were not making use of the

relations in remembering the matrices; the relations themselves may

have been too difficult to be discovered in the time allowed for this

test. If this were true, it would not be surprising to find that

those examinees who are high on a visual memory ability make the

better scores on this test.ITests 12 and 13 did not appear on this factor either; test 12

seems to be primarily a measure of verbal comprehension, with a slight

component of Rote Memory, while test 13 seems to be fairly complex,

with a moderate coefficient on the Rote Memory factor, If this factor

is indeed Meaningful Memory, then it might be suggested that either

there is not enough "meaning" in tests 12 and 13 for them to appear

on this factor, or else that the type of "meaning" they contain is

not that ihich distinguishes this factor. In addition, test 13 was

too easy for this group, thus giving a very skewed score distribution.

Tests 11 and 23 appear on this factor with comparatively low

coefficients. In test 11, Meaningful Memory: Picture, there is, at

least in some sense, meaning; however, this coefficient of .22 is the

highest coefficient that this test has on any factor, so perhaps the

beat that can be said is that the nature of this test is not clari-

fied by this battery. An examination of the nature of test 23,

Recognition III (Figures), show that a number of the figures seem

to be representations of objects; perhaps this might explain its

kg



57

coefficient on this factor; however, this test also has no very high

coefficients, so its nature remains questionablo.

The following conclusions with regard to Factor E may now be

stated. The modality of presentation of the test material is not a

discriminatory characteristic for this factor; both visually-presented

and auditorily-presented tests have high coefficients.

All three types of tests--recognition, completion recall, and

free recall-appear on this factor. Although the free recall and

recognition tests have low coefficients, it seems justified to con-

clude on the basis of these results that this factor is not restricted

to completion recall tests.

With regard -o the content of the tests the evidence is somewhat

uncertain. The tests with the highest coefficients are all composed

of verbal material (words and sentences), but the tests with lower

coefficients involve non-verbal material (pictures and geometrical

figures). It is unfortunate that test 4, Consequences (Non-verbal),

turned out to be too easy, since it was intended to clarify this

very point, i.e.., whether or not this factor is limited to verbal

material. It is necessary to conclude that this question is not com-

pletely settled by this study; however, the results seem to indicate

that this factor is not limited to verbal material.

Taking all this information, along with the nature of the tests

which have essentially zero coefficients on this factor, into con-

sideration, some sort of element of meaning seems to be the charac-

teristic which distinguishes between those tests which have high co-

efficients and those which have low coefficients.
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TABLE 18. TESTS HIGH ON FACTOR F

Factor
Test Coefficient

* 2. Letter Span I (Visual) .66
*i. Letter Span II (Auditory) .61
*10. Number Span II (Visual) .59
* 5. Number Span I (Auditory) .57
*26. Memory for Instructions .41
21. Sentence Span .24
22. Memory for Syllables II .20

*This test had its highest factorco iii.....t on
this factor.I Factor F: Span Memory. As hypothesized, this factor seems to

represent the ability to recall perfectly for immediate reproduction

t a series of unrelated items after only one presentation of the series.

Tests 2, 5, 10, 10, 21, and 26 were constructed in an attempt to

measure Span Memory; it can be seen that all of these tests are present

on this factor, and all but one of them has its highest coefficient on

this factor. Test 21, Sentence Span, has its highest coefficient on

the Verbal factor, a not unreasonable result. The only other test in

the battery ifhioh appears on this Span Memory factor is test 22,

Memory for Syllables II. Tests 3 and 22, which wre designed to be

parallel tests, were both too difficult for this population, and from

the factorial results it seems logical to assume that the examinees

changed their method of learning the syllables between the first and

the second tests.

The tests in this study which had high coefficients on this Span

factor were all free recall tests, Y th the exception of test 22, a

completion recall test, which was discussed above. It is quite prob-

able that the Span factor is restricted to tests of free recall; this

should be investigated further.

... int.# ~ 4, n r e a n
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With regard to content, these span teats included numbers,

letters, words, and sentences, all verbal material. It would be

highly desirable *- determine whether teats of non-verbal material

are also measures of this factor.

This study presents fairly clear evidence that visuall,°pre-

sented and auditorily-presented span tests measure the same factor

rather than two different factors as they might have done.

TABLE 19. TESTS HIGH ON FACTOR G

Factor
Test Coefficient

* 1. Memory for Syllables I .58
*22. Memory for Syllables II .35

*This test had its highest factor coefficient on
this factor.

Factor G: Doublet. This factor quite clearly represents only

the specific variance in tests consisting of nonsense syllables pre-

sented in the form of paired associates. It cannot be considered to

be a group factor for paired associates tests in general, since none

of the other tests of this kind have significant coefficients on this

factor. Thus it can be concluded that a test of nonsense syllable

paired-associates measures something distinct from everything that

is measured by all the other tests in the battery, but there is not

enough information here to indicate the exact nature of this specific

ability or abilities.

4

*. . W A .4,,,. .*"* _____________
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TAFLE 20. TESTS HIGH ON FACTOR H

Factor
Teat Coefficient

* 8. Memory for Ideas .54
1. Memory for Limericks .32

21. Sentence Span .28

*Thia test had its highest factor coefficient on
this factor.

Factor H: Unidentified Tritlet. There are not enough tests with

high coefficients on this factor in order for any clear interpretation

of its nature to be made. Perhaps the most logical guess is that this

may be an Auditory Memory factor, representing the ability to remember

material by the formation of an auditory image. Both tests 8 and 21

were presented auditorilyj while test 1 was presented visually, the

type of material composing this test would lend itself quite well to

auditory retention as defined above. Three other tests which were

presented auditorily--test 6, Memory for Words I (Unrelated); test 16,

Consequences II (Verbal); and test 17, Recognition II (Words)-have

coefficients in the indeterminate range of magnitude, but two visually-

presented tests-test 4, Consequences I (Non-verbal); and test 29,

Mechanical Principles-also have coefficients in this range.

It must be noted, however, that none of the auditorily-presented

span tests, with the exception of Sentence Span, appear on this factor,

so it is not an auditory-presentation factor. Perhaps it would be more

precise to think of it as an Auditory Verbal Memory factor.

This factor is not clearly identifiable with any of the factors

reported by Karlin (h0, 41).
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It is also possible that this triplet represents another kind of

meaningful memory factors although it is not at all clear what the

nature of such a factor would be.

TABLE I1. TESTS HIGH ON FACTOR I

Factor'
Test Coefficient

*#39.-Sptt4 .1 Orientation 11 .145
020. Map Memory III (Recognition).4
29e Mechanical Principles .414
15, Reproduction of Visual Designs .143

*214. Memory for Relations 0.0
*28. Instrment Comprehensi .32

33. Reading Comprehension .31
4.23 Recognition III (Figures) .28

32. Arithmtic Reasoning .as
9. Map Memory I (Reproduction).2
#7. Recognition I (Syllables) .214
37e* Coordinate Reading .214

OlThia test had its highest factor coefficient on
this factor.

Factor Its Visualisation? As will be seen in the consideration of

Factom.7 and K below, this battery of tests was not so chosen as to

indicate clearly the structure in the visual-spatial factor domain;

Factors 1. Js, and K sem to represent the variance which has been at-

tributed in previous analyses (21, 27) to the factors Visualizations

Space, Deduction, Psychomotor Coordination, and perhaps Visual Memory

as wel* This confusion most likely is due to the structure of the

test batteryl unfortunately, it soeem that the reference teste did

not include enough relatively independent measures of each of the

above-sntionad factors to separate them clearly in the analysis.

The confounding resulted from the complex interrelations of the refer-

once tests used; this confusion was evidenced in the reference-test

analysis discussed earlier in this chapter. For this reason, the idan-
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tifications a for the following three factors are all very tenta-

tiw and not at all clear-cut.

This factor see most nearly to correspond to the Visualisation

factor reported by the Air Force (27). This fa-tor has been defined
by French (21, p. 247) as the ability to comprehend imaginary move-

ments in three-dimensional space or the ability to manipulate objects

in the imagination. Many of the tests with high coefficients on this

factor, however, do not involv any such manipulation, so this defini-

tion does not seem to be too good for Factor II therefore, this iden-

tification is made only very tentatively. There is som indication

that this factor may represent a confounding of Visualisation and

Visual Memory.

TABLE 22. TESTS HI H ON FACTOR J

Factor
" Test Coeffigient

*29. Mechanical Principles .5
*30. Rudder Control .52
*31. Complex Coordination .48

32. Arithmetic Reasoning .46
28. Instrument Comprehension .30
33. Reading Comprehension *28

*This test had its highest factor coefficient on
this factor.

Factor Js Kinesthetic-Spatial-Reasoning? This factor seems to

represent a confounding of three of the factors defined by French (21)-

Psychomotor Coordination, Space, and Deduction. Ps7chootor Coordina-

tion wa interpreted by him as representing the ability either to inte-

grate muscular movements or to coordinate the eye and muscular move-

*ments, especia7ly of the hand. The Space factor was interpreted as

the ability to perceive spatial patterns accurately and to compare thea
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with each other; the Space factor may or may not be linited to visual

perception. The Deduction factor was identified as the ability to

reason from the general to the specific. This identification of Factor

J is very tentative.

TABLE 23. TESTS HIGH ON FACTOR K

Factor
Test Coefficient

*15. Reproduction of Visual Designs .5
13. Meaningful Memory: Number .31
24. Memory for Relations .28
32. Arithmetic Reasoning .28
23. Recognition III (Figures) .26

6. Memory for Words I (Unrelated) .25
*19. Map Memory II (Verbal) .24

5. Number Span I (Auditory) .21
18. Memory for Numbcrs .21

*This tel l had its highest factor coefficient on
this factor.

Factor K: Unidentified. It will be noticed that only one test

has a very high coefficient on this factor; the other tests which seem

to be on this factor have only low to moderate coefficients. In this

situation the position of the hyperplane was not too clearly defined,

and there does not seem to be any interpretation uhich is clear enough

to warrant giving this factor any identifying title at all. It seems

likely that if the nature of Factors I and J were clarified, this

factor might also be clarified; in that case it is possible that this

factor might well turn out to represent the hypothesized factor of

Visual Memory. From this analysis of the battery as it was consti-

tuted6it is not possible to conclude that a Visual Memory factor

exists; however, neither is it possible to cite these results as evi-

dence that such a factor does not exist, since on this point the re-

sults are too equivocal.

.; • I J I~ l I ll l . .. .. . . . l m II I'IL 'J I. LJ [J . C [l -_ I1 _ 1 I I 1 [! 1 I I I . . . ... . . ... . .
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In spite of the equivocality of the results it still seems likely

that a Visual Lemory factor could be demonstrated in another study.

Clearly, there should be more and better tests constructed which are

specifically designed to measure such a factor, and the reference tests

in the battery need to be very carefully chosen in order to avoid the

confusion in factor structure encountered in this study.

The intercorrelations of these primary factors are presented in

Table C-16. It can be seen that the intercorrelations of Factors A-H

have in general either approximately zero or low positive values. The

only correlation coefficient in this group which exceeds .28 is that

of .43 between Factor A, Verbal Comprehension, and Factor E, Meaning-

ful Memory. This particular correlation is not surprising since, as

* . has already been pointed out, the tests with the highest factor coeffi-

cients on Meaningful Memory were all compo 3ed of verbal material; if

better non-verbal tests of Meaningful Memory can be developed, it is

to be expected that this correlation will decrease. The other corre-

lations seem to be reasonable in terms of the restriction of the popu-

lation. It may be noted that the Rote and Meaningful Memory factors

correlate only .28, while Span Memory fails to correlate ith either

of these other two memory factors; thus there seems to be no evidence

for a general second-order memory factor. Since Factors I, J, and K

are so poorly determined, no particular signific-nce can be attached

to their correlations either with the other factors or with themselves;

however, it may be noted that none of these correlations are especially

high.

In summary, it was possible to give clear interpretations for

three reference factors, three memory factors, and one doublet factor;
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three factors involving visual tasks remain unclear; and the other

factor, a triplet, is suggestive but uncertain. The following chapter

will summarize the entire study, and recommendations for further re-&i search will be made.

WO



Chapter V

SUMMARY AND RECCUKEDATIONS

A. Sumary of Study

This study was undertaken to investigate the factorial structure

in that part of the area of memory involving relatively immediate

intentional retention. The development of 24 tests of memory was

gui -d by the following factors which were hypothesized as covering

important parts of this area of the memory domain:

1, Rote Memory: the ability to recall learned, meaningless

material.

2. Meaningful Memory: the ability to recall learned, meaningful

* material.,

3. Span Memoryr the, ability to recall perfectly a series of

unrelated items after only One prest1tei 4jr ~ e- aerie.

4~. Visual Memor~r: the ability to ca., 1 tat,, l learned by '

the formation of an iu;ag 'fawoe ib f.3d

Three additional memory teats, previxrt-ly constructed by the Edu-

cational Testing Servli'e were also includedin th-4is study.

In order to asseat the generality of whatever memory factors might

be found, tests of varied content and type were used. The battery in-

cluded both verbal and non-verbal. tests; some tests required recogni-

tion, aome depended upri completion recall, while others depended upon

free recall; aom teats were presented visually, while others were ad-

miniatered auditorily. .the material used included 'numbers, letters,

nonsense syllables, words, aentente%, stories, limericks, maps, pictures,

e6



and geometric designs and symbols. A few tests of delayed retention

were included, but the longest delay was only about 30 minutes.

Since the factor analysis was operationally independent of the

hypotheses, once the test battery was constructed, the analysis reveals

the structure underlying the behaviors covered by the test battery;

thus the analysis provides a check on the foregoing hypotheses or indi-

cates alternative hypotheses. To clarify the nature of the memory

factors, 13 reference tests measuring previously identified aptitude

factors were included in the battery, bringing the total number of tests

up to 40.

These. test wer., administered to 442 pilot cadets at Lackland Air

Force Base, San Antonio, Texas. The test scores were intercorrelated,

and the resulting matrix of correlation coefficients was factor-analyzed.1 A variation of the tauliiple-erouping method of analysis was used, with

t ic l*,.on being iterated twice to stabilise both the communalitiesp
and the weights appliedto the variabies. The resulting factor matrix

was then rotated to obli que simple structure. Eleven factors were

found in this battery of4 tests. The computation of the correlation

coefficients and the extaction of fiactors were carried out on the

I.B.M. Card-Programmed C ilculator at the Forrestal Research Center of

Princeton University; the rotation of axes was accomplished by use of

the Matrix Rotator atilThe Adjutant General's Office in Washington, D. C.

Three of the eleven 'actors, Rote Memory, Meaningful Memory, and

Cpan Memory) are ratfier clearly-defined memory factors; the fourth

memory factor is not so clear-cuD. The reference tests clearly

• identify three other factos as jerbal iomprehension, Niierical Facility,

and Perceptual Speed. The eighth factor is a doublet representing the

an Prepua ped The

LI _ ____ ____ ___r
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specific variance of tests 3 and 22, which are parallel tests. The

remaining three factors all appear to involve visual tasks; these

factors mesn to represent Visualisation, Spatial Relations, and Visual

Memory, but the identifications are uncertain since there seems to be

confounding with Deduction and Psychomotor Coordination factors.

The conclusions dran from this study nay be stated as follom:

1. Factors were found which correspond to the hypothesised factors

of Rote Memory, Meaningful Memory, and Span Memory. The fact that Rote

Memory is distinct from Meaningful Memory has been suggested before,

e.., Katona (42), McGeoch (L), Jones (38), but never clearly demon-

strated by factor-analytic techniques. Also, the separation of Span

Memory from Rote Memory im suspicted but not 'Woo convincingly demon-

strated, eL., French (21i p. 220 and p. 246), Jones (38).

2. All three- of those factors are general for both visual and

auditory presentation of material.

3. Both Rote Memory and Meaningful Memory are general for the

three types of tests ued-recognition, completion recall, and free

recall; Span Memory is possibly restricted to free recall tests.

4. Meaningful Memory is probably general for both verbal and

non-verbal material, 4hile Rote Memory and Span Memory are possibly

restricted to verbal material.

5. The evidence with regerd to the hypothesised factor of Visual

Memory is equivocall neither positive nor negative conclusions about

it may be drawn.

*- 6. The possibility of an Auditory Memory $,actor is suggested by

this analysis.
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B. Recommendations for Further Research

Many problems on which further research is needed have been sug-

gested by this study; these problems seem to fall into six categories.

The categories , together with some of the areas for study within each

category, will be given below.

1. Test development. Much time could be spent profitably in re-

vising and improving the teats used in this study. For one thing, the

difficulty level of several of the tests needs to be adjusted; test 3

was too difficult for this population, while tests 4, 6, 13, 15. 16,

and 17 were too easy.

An in most large factor analysis studies, the tests used in this

investigation were all very short because of limitations in testing

tim; this shortness tends to make the tests less reliable. As was

pointed out in Chapter III, the communality estimate for each test is

a lower-bound estimate of the reliability of that test; a look at

these communality estimates in Table C-11 shows that while most of the

tests were satisfactorily reliable some possibly were not.. It is

likely that the factor content of the tests which had extremely low

communalities in this study would be clarified if the tests were made

more reliable; hence one important step in"further research would be

to check directly the reliabilities of the memory tests used in this

study, particularly those tests with low comunalities, and to make

improvements in the tests in order to raise the reliabilities where

necessary.

2. Clarification of factors. To clarify the nature of the

Rote Memory factor, it would be desirable to develop additional

recognition and free recall tests to measure Rote Memory; also it is

,. I Pil l
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necessary to determine whether or not this factor can be measured by

the use of non-verbal material.

With regard to the Meaningful Memory factor, an attempt should be

made to construct other recognition and free recall tests which wil

measure it better-than did the tests of these kinds used in this study.

It is possible, of course, that the test revision recommended in (1)

above will itself raise the factor coefficients of the recognition and

free recall tests which were measures of Meaningful Memory in this

study. Another point which needs to be checked is whether or not this

factor can be measured by non-verbal material. The most critical prob-

lem, however, is to design experiments which will distinguish between

different possible definitions of "meaning."

The nature of the Span Memory factor needs to ba clarified by

answers to the questions as to whether or not this factor can be mean-

ured only by free recall tests, and whether or not it can be measured

only by verbal material.

It might well prove helpful in investigating the nature of all of

these factors to get introspective reports from subjects who are either

very high or very low on one or more of these factors.

3. Identification of new factors. Another study is necessary to

answer the question as to the existence of a Visual Memory factor;

this new study should include improved forms of the tests used in this

study which were intended to be measures of Visual Memory, additional

new tests also specifically constructed to measure Visual Memory, and

reference tests Which will clearly separate out the variance due to

the previously discriminated factors of Spatial Relations and Visualisa-

tione

i

I-
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This study has suggested the possibility of an Auditory Memory

factor; attempt. should be made to clarify further the nature of this

factor and to determine whether or not it is limited to verbal testa.

It is possible that this factor might be related to ons or more of

Karlin's factors (40, Li); in any case, further investigation is needad

into the nature of auditory memory factors and their relationship to

other memory factors.

If it is possible to demonstrate the existence of Visual Memory

and Auditory Memory factors., might it not also be possible to find one

or more Kinesthetic Memory factors? This is another possibility which

should be explored.

4. Validity studies. It is highly probable that measures of

these different memory factors will be useful in many problems of dif-

ferential prediction of human behaviorl in particular, they will prob-

ably improve our ability to make differential predictions of success or

failure in educational and occupational situations. A number of validity

studies are needed to explore these possibilities.

5. Testing methods. Investigation is needed in order to deter-

mine the effect of the method of testing on the factor content of the

memory tests. In particular, three methods might be investigated.

The first method is one used to measure learning; traditionally

learning has been measured by some variable such as amount of time or

number of trials required by the subject to reach an arbitrarily defined

criterion of learning. A better method, however, would be to plot an

individual learning curve for each subject and to define the learning

score or scores in terms of the parameters of that curve. If such

parameters were used as scores, individual testing would probably be

necessary.
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The second testing method is one used to test forgetting% tradi-

tionally forgetting has been measured by the amoint retained by the

subject at the end of a fixed interval of time after some arbitrarily

defined criterion of learning has been reached. Probably the best

5 way to establish the criterion of learning would be to plot a learn-

ing curve for each subject and to define the criterion in terms of the

parameters of that curve. It would also be possible to plot an indi-

vidual forgetting curve for each subject and to use the parameters of

that curve as scores for forgetting. Again individual testing would

probably be necessary.

In the third testing method it is the amount retained by each

subject at the end of an allotted amount of study time that is meas-

ured; this is the method most often used in group testing. In this

method each subject is free to allocate his study time for a test in

the way which seems to him to be most advantageous rather than being

forced to allocate it in accordance with a schedule which has been

predetermined by the experimenter.

A comparison of the factor content of memory tests administered

by these three testing methods should be helpful in interpreting the

nature of the factors themselves as well as in relating and interpret-

ing the results of the many studies which have used these methods.

6. Other types of memory. This study dealt only with relatively

immediate intentional retention; work needs to be done on both inci-

dental memory and long-term memory. Questions as to how many factors

are involved in each of these domains and as to whether the nature of

those factors will be similar to, or different from, those found in the

domain of immediate intentional memory remain to be answered.

,r.ON
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APPENDIX A

Directions for Experimental Tests

1. Memory for Limericks Test

2. Letter Span Test I (Visual)

3. Memory for Syllables Test I

4. Consequences Test I

5. Number Span Test I (Auditory)

6. Memory for Words Test I (Unrelated words)

7. Recognition Test I (Syllables)

8. Memory for Ideas Test (Story)

9. Map Memory Test I (Reproduction)

10. Number Span Test II (Visual)

U. Meaningful Memory: Picture Test

12. Meaningful Memory: Paragraph Test

13. Meaningful Memory: Number Test

14. Letter Span Test II (Auditory)
15. Reproduction of Visual Designs Test

16. Consequences Test II (Verbal)

17. Recognition Test II (Words)

18. Memory for Numbers Test

19. Map Memory Test II (Verbal)

20. Map Memory Test III (Recognition)

21. Sentence Span Test

22. Memory for Syllables Test II

23. Recognition Test III (Figures)

24. Memory for Relations Test

25. Sentence Completion Test

26. Memory for Instructions Test

27. Memory for Words Test II (Related Words)iK-___________________________
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(PRINT) Last First Mdl

BOOK I

Form AXTUi

This book contains 6 tests. The examiner will tell you
when to begin and end each test. During the time allowed

* for one test you are to work only on it. Do not turn back
to a test after the time for that test is over.

* For all the tests in this book you are to mark your answers
in the spaces provided in the book.

There are several types of tests. You will find special
directions for each type. Be sure you understaM the direc-
tis before attenptin to answer &= uestions.

DO NOT MC eAL Un YO AM TOW TO DO 80.
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Directioiis

In this test you will be given 5 minutes to study a group of 30
limericks. Later you will be given the first four lines of each
limerick, and your task will be to fill in the correct last line.

For example, you will study limericks like the following:

There was a young lady from Niger

Who sailed as she rode on a tiger.

They returned from the ride

With the lady inside

And the smile on the face of the tiger.

Later you Vill turn to the answer page which contains only the first
four lines of each limerick, like this:

There was a young lady from Niger

Who smiled as she rode on a tiger.

They returned from the ride

With the lady inside

In the blank space you are to write the last line exactly as it was in
the original limerick. If you do not remember the exact words. write
the line down as best you remember it; but try to remeMer the exact
words, if possible.

Are there any questions?

DO NOT TURN THIS PAGE UNTIL YOU ARE TOLD TO DO SO.
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LETTER SPAN TEST I

Directions

In this test, the examiner will hold up a card containing a series
of letters. The letters will be unrelated to each other. When the
examiner removes the card from s-ight, you are to write down the
letters in the exact order in which they were printed on the card.
Do not write any letters until the examiner has taken away the card.

For example, the examiner might call out, "Series One," and then hold
up a card like this:

HiR]

When he removes the card from sight and says, "Now," print the letters
on the ansver page in this manner:

1. H R

Only the following letters will be used: C, F, G, H, K, Lp P, R, 8,
,W, Y.

Some of the series will be too long for you to remember all of the
letters. If you do not remember some of them, leave a blank space
for them and put down all the letters you do remember. Try to remember
all the letters if possible, and be sure to write them down so that they
wil be in the exact order in which they were printed on the card.

In this test it is very important that no letters be written while the
letters are being shown on the card, since the test is intended to
measure memory for letters.

DO NOT TURN THIS PAGE UNTIL YOU ARE TOD TO DO SO.



NOTE 1: Oral Directions for LETTER SPAN TEST I

Subsequent to the preparation of -the test booklets, it was do-

cided to administer Letter Span Test I in a different manner from that

indicated in the directions on the preceding page. Therefore, after

the examinees read the directions in the test booklet they were given

the following instructions by the examiner:

There is a slight change in the directions for this test.
Instead of showing you all the letters in a letter-span
set on one card, I will show you the letters one at a time
on separate cards. For example, if the practice problem
on the direction page were the first letter-span set in the
test, I would call out "Series one." Then I would show
you the letters in the ssries like this.

The examiner then demonstrated the technique of presentation to

be used. After showing the last card, he said:

After I have showed you the last card in each series I will
say "Now," and you are to write down as many of the letters
as you can remember.

After answering all questions, the examiner proceeded with the ad-

ministration of the test.

MIN
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MW24RY FORSALES TEST I

t Direct ions •

In this test you will be given I minute to study 6 pairs of nonsenne syll-
ables. Each syllable is formed by placing a vowel between two consonants.
You are to memorize the syllables so that when the first syllable of the pairN. is given you can answer with the second syllable ,if that pair.

For example, the following pairs are like the ones you will study:

LA J -F E
GIW -QAP

After studying the pairs for I minute you will be told to turn to the answer
page. On it you will be given the first syllable in each pair. In the
blank space after each syllable you are to write from memory the syllable
which completes the pair.

The answer page for the pairs given above might look like this:

G IW

SLAJ -

In the first blank you would write in the syllable "Q A P," and in the second
blank the syllable '7 I H." Notice that the pairs on the answer page will
not be in the same order as the pairs on the study page.

This test will have two parts. The directions for each part are exactly the
same-study the pairs, then fill in the blanks on the answer page.

Are there any questions?

DO NOT TURN THIS PAGE UNTIL YOU ARE TOLD TO Do SO.
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NUMBER SPAN TEST I

Direct ions

"In this test, the examiner will call out a series of numbers. After he
finishes, you are to write down the numbers in the exact order in which
they were called out. Donot write any numbers until the examiner bas
finished the whole series.

For example the examiner might call out, "Series One. 7 2 I Nov."

When he says, "Now," shoving that the series is complete, write the
numbers on the answer page in this manner:

1. 7 2 4

Some of the series will be too long for you to remember all of the
numbers. If you do not remember some of them, leave a blank space for
them and write down all the numbers you do remember. Try to remember

all the numbers if possible, and be sure to write them down in the exact
order In which they were called out.

It is very Mortant that no numbers be written while the numbers are
bein calld out, ince the test is intended to measure memory for
numbers.

DO NOT TUBN THIS PAGE UNTIL YOU ARE TOID TO DO SO.
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IEMiORY FOR WORDS TEST I

Directions

This is a test of your ability to remember pairs of ui'l;lated words
which you have heard. First the examiner will read alcnid L,ice a list
of 10 pairs of words. The list will not be read in tht, w'wue order both
times. After that, he will ask you, to turn to the aniiinrer page. Then

he will read aloud the first word of each pair. After each word is read,
you are to write down the word which was paired with it in the list.

For example, the eminer will read out a list of pairs, like this:

First reading: mule - gold
nail - wren
lark - sea.l

Second reading: lark - seal
nail - wren
mule - gold

You would then turn to the answer page, which would look like this:

1.

2.

3.

The examiner would read out, *Nuber 1; nail," and you would then write
the word "vren" in the first space. Er would then read out, "Number 2;
mule," and you would write the word "gold" in the second space. Then,
"Number 3; lark, " and you would write "seal."

Notice that the pairs will not be asked in either of the orders in which
they were read.

This test will have two parts. The directions for each part are exactly
the same-the examiner will read 10 pairs of words twice, then as he reads
the first word of each pair ain you are to write the second word of ti. t
pair on the answer page.

Are there any questions?

DO NOT TURN THIS PAGE UNTIL YOU ARE TOLD TO DO SO.
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BOOK 11

Form AT=l

This book contains 7 tests. The examiner will tell you when
to begin and end each test. During the time allowed for ome
test you are to wor%. only on it. Do not turn back to a teat
after the'time for thbifTest is over.

For all the tests in this book you are to mark your answers
In the spaces provided in the book.

There are several types of tests. You will find special
directions for each type. Be sure you understand1 the dIrec-
tions before attmpting to answer any questions.

DO NMZ MMA SEA U& M L YOM AM1~ TO2 DO 80.



RECOGNITION TEST I

Directions

r This is a test of your ability to recognize nonsense syllables which

you have previously studied. Each syllable is formed by placing a
vowel between two consonAnts. First you will study a list of 18 non-
sense syllables. For example, the syllables you study will be like these:

LAJ

(GIW

After studying the list for 1 minute you will be told to turn to the
answer page. On it you will be given a list of 36 syllables. The
answer page might look like this:

Yes No

0 1 W
Yes No

QA Po

* Yes No

F E H ---

*Yes No

SLAJZI

You are to put a cross mark in the "YES" box by the syllable if that
syllable was in the first list you studied; you are to put a mark in
the "NO" box if it was not in the list you studied. The first two
syllables have been marked correctly.

You will be allowed 1 minute to study the list of 18 nonsense syllables.
You will NOT be allowed to refer back to the first list in answering the
questions.

Are there any questions?

DO NOT TURN TH711 PAGE UNTIL YOU ARE TOLD TO DO SO.
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NW(RY FOR IDEAS TEST

Direc tions

This is a test of your ability to remember logically connected
material vhen it is read to you. First the examlt) er will, read
aloud a very brief story entitled, "The Marble Statue." After
be finishes reading the story, you are to turn this page and
vrite down ansmuch of the story as you can remember. You my
use your own words in writing the story) but try to remember an
many -ideas and details as possible.

Ae there any questions?

DO NOT TURN THIS PAGE UNTL YOU ARE TOLD TO DO 80.



MAP MEMORY TEST I

Directions

In this test you will be asked to study a map and then to draw
it from mmory. First you will be given 2 minutes to study a
map. Then you will turn to the answer page and draw the map as
well as you can remember it. You will be scored on the number of
details of the original map that you remember and also on whether
or not each detail is put in approximately the correct place on
the map.

You will have 2 minutes .to study the map and 5 minutes to draw it.
You will NOT be allowed to look back at the map after the 2-minute
study period is over.

Are there Wy questions?

'YO HT TURN THIS PAGE UNTIL YOU ARE TOLD TO DO 80.
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NUMBER SPAN TEST II

Directions

In this test, the examiner will hold up a card containing a series
of numbers. The numbers will be unrelated to each other. When the
examiner removes the card from sight, you are to write down the
numbers in the exact order in which they were printed on the card
Do not write any numbers -until the examiner has taken away the card.

For example, the examiner might call out, "Series One," and then hold
up a card like this:

When he removes the card from sight and says, "Now," write the numbers
on the answer page in this manner:

Sm of the series will be too long for you to remember all of the
nubers. If you do not remember some of them, leave a blank space
for them and put down all the numbers you do remember. Try to remember
all the numbers if possible, and be sure to write them down so that they
v be in the ezact order in which they were printed on the card.

In this test it is very important that no numbers be written while the
numbers are being shown on the card, since the test is intended to
measure Memory for numbers.

DO NOT TURN THIS PAGE UNTIL YOU ARE TOLD TO DO SO.



NOTE 2: Oral Directions for NURBER SPAN TEST II

Number Span Test II was adeivistered in the same umaner as Letter

Span Test I, After the exainees read the directions in the test

booklet (which are shown on the preceding page), they were given the

following instructions by the examinert:

There is a slight charge in the directions for this test.
Instead of showing you all the nmbers in a nuber-span set On
one card, I will show you the numbers one at a time on
separate cards. For example, if the practice problem on
the direction page Yore the first rmober-span bet in the
test, I would call out 'Series one." Then I would show you
the numbers in the series like this.

The examiner then demonstrated the technique of presentation to

be used. After showing the last card, he said:

After I have showed you the last card in each series I will
say "Now," and you are to write down as many of the numbers
as you can remember. Are there any questions?

After answering all questions, the examiner proceeded with the ad-

ministration of the test.

... W



MEANINGFUL MEMORY TEST

Directions

In this test you will be given three different sets of material
to study. You will be allowed 5 minutes to study each set.
During the time allowed for one set of material you are not to
study either of the other two. The examiner will tell you when
to begin and end each one.

Later you will be asked questions concerning the material in
this test. You will not be allowed to see the original material
when you answer the questions.

DO NOT TURN THIS PAGE UNTIL YOU ARE TOLD TO DO SO.



NOTE 3: Directions for Study Pages of MEANINGFUL MEORY TEST

The directions for each of the separate parts of the Meaningful

Memor Test are giver- below. The directions were printed at the top

of the study page for each part.

Part A: Picture

Time-5 minutes

Directions: Study the picture below. Later you will be shown
a picture which is similar to this one but which differs from
it in several respects) and you will be asked to compare the
two. You will not be allowed to look back at the picture
below when you are shown the second picture.

Part 2A: Paragraph

Time--5 minutes

Directions: Memorize as many of the facts in the following
passage as you can in the time allowed. Later you will be
asked to indicate whether statements made about the material
in the passage are true or false. You will not be allowed
to turn back to the passage.

Part 3A: Number

Time-5 minutes

Directions: Memorize as many of the numbers below as you
can in the time allowed. Later you will be asked what the
numbers are. You will not be allowed to turn back to the
nmbers.
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LETM SPAN TEST II

Directions

In this test examiner will call out a series of letters. After he
finishest to write down the letters in the exact order in which
they were out. D6 not write any letters until the examiner has
finished ;ve series.

For example, the examiner might call out, "Series One. H R L Now."

When he saps, "Nov, " showing that the series is complete, write the
letters on the wwer page in this manner:

1. HRL

Only the folloving letters will be used: C, F, 0, H, K L, P, R 8,
v, Y.

Some of the series will be too long for you to remember 61 of the
letters. If you do not remember some of them, leave a blank space for
them and write down all the letters you do remember. Try to remember
all the letters if possible, and be sure to write then down in the exct
order in which they were called out.

As In the Nmber 8Dan Test, it is very important not to write anything
W t letters awe being called out.

DO NOT TDW THIS PAGE UNTIL YOU AM TOLD TO DO 80.

0i

i



= -31 -

REPRODUCTION OF VISUAL DESIGNS TEST

Directions

In this test, tke examiner will hold up a card on which there will be a
simple design. You are to study this design so that when it is removed,
you can draw a copy of it. For example, one design might be like this:

When the examiner removes the card containing the design, draw a copy of
the design in the space indicated on the answer page. You may make the
drawing any size you want, as long as it fits in the space provided, but
try to reproduce the proportions and parts of the original design as well
as possible. For example, these would be good copies:

These would be poor copies:

There will be ten designs. After each design has been removed, draw a copy
of it. You will be allowed to study each design for only 5 seconds.

It is very important that you do not begin drawing until the examiner has
removed the card containing the design, since this test is intended to
measure your ability to remember the design.

Are there any questions?

DO NOT TURN THIS PAGE UNTIL YOU ARE TOLD TO DO SO.



MEANINGFUL MMORY TEST

Directions

In this test you will be asked questions concerning the three sets
of material you studied previously. You will be allowed 5 minutes
for each part. During the time allowed for a part you are to work
on that part only. The examiner will tell you when to begin and end
each one.

Mark your answers to the questions in the test book in the spaces
indicated.

DO NOT TURN THIS PAGE UNTIL YOU ARE TOLD TO DO SO.



NOTE 4: Directions for Answer Pages of MEANINGFUL MEMORf TEST

The directions for each of the separate parts of the Meaningful

Memory Test are shown below. The directions sere printed at the top

of the answer page for each part.

Part 1B: Picture

Time-5 minutes

Directions: The picture below (picture 2) is similar to the
one which you saw earlier (picture 1), but you will observe
that a number of changes have been made. Study picture 2 and
then indicate whether each of the following statements is
true or false.

Part 2B: Paragraph

Time-5 minutes

Directions: You are to decide whether each of the following
statements is true or false according to the passage about
. . . that you studied earlier.

Part 3B: Number

Time-5 minutes

Directions: The questions in this part are based on the
numbers presented in connection with the sales at Miller's
and Adams' Department Stores. For each question circle
the answer you think is correct.

It will help you to write down in the space below all the
numbers you can remember in connection with the sales before
you attempt to answer the questions.



BOOK III

For& AhMUL

'flas book contains 12 teats. The exam'ner will tenl you when to
begin and end each test. During the tim .llowed for one test
you are to work onyon it. Do not turn back to a test after the
tim for that tearTs over.

For all tests in this book you are to mark your avers in the
spaces provided in this book.

There are several types of tests. You will find special dilections,
for each type. e sure you understand the directions before
atteqiting to answer any questions.

DONO M U M W IMTO O O 0
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CONSEQUENCES TEST II

Directions

This is a test of your ability to remember relations. The examiner will read aloud
20 pairs of sentences. The two sentences in each pair will be related to each
other. The following pairs are examples of what the 20 pairs will be like:

The effect of the news was amzing.
There was a great celebration.

The little boy came into the house covered with dirt.
He had been fighting again.

After all the pairs have been read, the examiner will read out the first sentence
in each pair again. After the first sentence of the pair has been read, you are
,to write down the second sentence which completes the pair. It is not necessary
to use the exact ivords of the second sentence, but try to write down the main idea
it contained. The first sentences will not be re-read in the same order as the
pairs were read.

For example, the examiner might read out the pairs given above. Then he would
say, "Turn to the answer page. After I read out each sentence, write down the
sentence which correctly completes the pair."

le would then read, "The little boy came into the house covered with dirt." Then
you would write down something that said he had been fighting. The following
sentence would be an acceptable answer: "He had gotten dirty while he was fighting."

Then the examiner would read, "The effect of the news was amazing." Any answer
saying that there had been a big celebration would be correct.

Are there any questions?

DO NOT TURN THIS PAGE UNTIL YOU ARE TOLD TO DO SO.



RECOGNITION TESJT II

Dirtvotions

This is a tes'. of your ability to remember and recognize words. First the examiner
will read aloud a list of 25 unrelated words. After that, he will ask you to turn
to the answer page. Then he will read aloud a list of 50 words. After each word
is read, you are to mark "Yes" if that word was in the first list of 25 words, or
mark "No" if It was not in the first list.

For example, the first list of words might be like this:

oven
player

You would then turn to the answer page, which would look like this:

- Yes No

Yes No

2.L Z
Yes No

Yes No

The examiner would then read out a list of words. The first word might be "caution."
Since this word was not in the first list, you should put a mark in the "No" box
opposite the number 1. The whole list of words might be:

caution
player
oven
basket

The answer pae, correctly marked, would look like this:

Yes No

Yes No

2.L L
Yes No

Yes No

4.

Are there any questions?

DO DOT TURN THIS PAGE UNTIL YOU ARE TOLD TO DO SO.



2

MEMORY FOR NUMBERS TEST

Directions

In this test you will be given 1 minute to study 12 pairs of words and numbers.
Each pair will consist of a word followed by a number. You are to memorize the
pairs so that when the word is given you can answer with the number which cor-
rectly completes the pair.

For example, the following pairs are like the ones you will study:

" , bird - 49

core - 17

time - 83

After studying the pairs for I minute you will be told to turn to the answer
page. On it you will be given the word in each pair. In the blanrk spftce after
each word you are to write from memory the number which completes the pair.

The answer page for the pairs given above might look like this:

core -

time -

bird -

In the first blank you would write the number "17," in the second blank the
number "83," and in the third blank the number "49." Notice that the pairs on
the answer page will not be in the same order as the pairs on the study page.

This test will have two parts. The directions for each part are exactly the
same-study the pairs, then fill in the blanks on the answer page.

Are there any questions?

DO NOT TURN THIS PAGE tqNTIL YOU ARE TOLD TO DO SO.
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Dd
MAP MEMORY TEST II

Directions

In this test you will be given a map to study; then you will be asked
questions about it which must be answered from memory. The questions
may be about:

1. The names of places and things.
2. The location of places and things in relation to each other.
3. Routes from me place to another.
4. Compass directions.
5. The number of ties certain objects occur in the map.

The follovi sap is an example.

SAMPIZ HAP

N'N

m

MAIN STREET

iO ON TO TU H4ET PAi3E.



After studying the map you will turn the page and be asked to answer questions
like those below. Mark your answers by putting a circle around the letter of
the correct answer. Questions 1 and 2 have been marked correctly*

1. Nov many buildings race Main Street?

(A) 2

J1 3

2. On what street is the post'office?

(A Main

(C) Land
(M Bin

3. In what direction does the store face?
(A) North
(B) South

(3) southeast

C, WMat street must be crossed in boing from the store to the post office?

$A) YAin

iC) Land
(D Bl

You will not be able to look at the original map when you are answering the ques-
tions.

you will have 30 seconds to study the map and 3 minutes to mark your answers. A re
thers, any questions?

DO NOT TOMU TAIS PAAZ UNTL YOUJ ARX TOLD TO DO SO.



MAP ME4ORY TEST III

Directions

The directions for this test are slightly different from those for the
test you Just finished. Ihis is a teat of your ability to recognize
sections of a map. You "will be given a map to study for 3 minutes. Then
you will turn the page and answer questions based on the map.

Each question will consist of 5 pictures of one small section of the map.
One of these 5 pictures will be an accurate picture of that section of the
map. The other 4 pictures will contain wrong details such as misplaced
crops, omitted roads, etc. You are to select the correct picture and
blacken the space beneath it.

For example, the map might be like this:

SAMPLE MAP

G ON TOEN EX A

C, Co tto n N. \ N.

Ilrol

Posture ,yY"

GO ON TO MH NEW PAGEC.



177

Wo, smole questions are shown below. In each quest ion only ane of the five
Pictures vas taken from the msap given on the opposite pae. You are to find
the picture which was taken from the ap and blacken the space beneath that
Picture. The correct answter to the first question has been siked. bitk
the correct answer to the secondi question.

AIC D I

TTTT
T T

TT Tf

TI TI T T 
*$

Yo sbu -have blcee h*w eet pcueCsneI hw

You shold have blacinued the stuacte beneah pites to since itsovran

Are there any questions.

DO ON TMU HIM PAW UITL YOU ABE TOW) TO DOW0.



SENTENCE SPAN TEST

Directions

This is a test of your ability to remember sentences which
you hear. The examiner will read aloud a list of sentences.
After each sentence he will pause, and you are to write lown
the sentence exactly as it was read. Do not tart writing
until the examiner has finished reading the sentence. If
you do not remember the whole sentence, write down as much
a you do remember. However, try to remember and'write down
the entire sentence.

There will be 16 sentences, and the directions for each
sentence are the same-do not start writing until the exam-
iner has finished reading the sentence, and be sure to write
down the exact words the examiner used. You will not be
graded on spelling or punctuation.

Are there any questions?

DO NOT 1URN THIS PAGE UNTIL YOU ARE TOLD TO DO SO.
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i1i
S0RY FOR SYLLABLES TEST II

Directions

Ii this test you- will be given 1 minute to study 6 pairs of nonsense syll-
ables. Each syllable is formed by placing a vowel between two consonants.
You are to memorize the syllables so that when the first syllable of the pair
is given you can answer with the second syllable of that pair.-_

For example, the following pairs are like the ones you will study:

LAJ -FE
GIW--QAP

After studying the pairs for 1 minute you will be told to turn to the answer
page. On it you will be given the first syllable in each pair. In the
blank space after each syllable you are to write from memory the syllable
which copletes the pair.

The answer page for the pairs given above might look like this:

GIW-
LAJ -

In the first blank you would write in the syllable "Q A P," and in the second
blank the syllable "F 3 H." Notice that the pairs on the answer page will
not be in the sam order as the pairs on the study page.

This test will have two parts. The directions for each part are exactly the
smm-study the pairs, then fill in the blanks on the answer pae.

Are there any questions?

DO NOT TURN T!IS PAGE UNTIL YOU AM TMD TO DO 80.
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RECOGNITION TEST III

Directions

This test is designed to measure your ability to recognize figures which you

have previously studied. For example, study the following group of figures:

Now look at the figures and questions given below:

Yes No

Yes No

Yes No

Yes No

Place a check mark under "Yes" if the figure was one of those which you
studied above. Place a check mark under "No" if the figure was NOT one of
those which you studied above. In each case the question is, "Was this figure
one of the figures in the group which you previously studied?" None of the
figures will appear upside down or turned over on its side. Do not refer back
to the first group of figures in answering the questions.

You should have checked "No" for the first figure, "Yes" for the second
figure, "Yes" for the third, and "No" for the fourth.

You will be allowed 1 minute to study a group of 40 figures similar to these.
The questions will consist of 80 figures. You are to answer each question with
a "Yes" or a "No" as you did above. You will NOT be allowed to refer back to
the first group in answering the questions.

Are there any questions?

DO NOT TURN THIS PAGE UNTIL YOU ARE TOLD TO DO SO.



MMOERY FOR RELATIONS TEST L
DirectinnA

This test will tsur "our ability to remember relations. First you will study
14 groups of figures similar to the following;

3 5 7

Sample Group A. 6 8 10 Sample Group B. T - - J.
9 11Tis9I L::T --I _

There are 9 figures to each group. Notice that in each group there are two rules
or relations. In the first group the rules are: going across, add 2; eotng down,
add 3. In the second group the rules are: going across, turn 900 to tiie right;
going down, straighten the arrowhead.

After studying the groups of figures for 6 minutes, you will turn to the answer page.
In each question you will be shown the figure in the upper left-hand corner of one of
the groups you studied. You are then to draw or write whichever of the other 8 figures
would be in the position indicatei by the circle. For example, the answer page for the
groups above might look like this:

1. - - 2.

In the first question, the figure of the arrow in the upper left-hand corner shows
that this is to be Sample Group B. In the circle in the first question you would
draw the third figure of the second row of that group-namely, the figure . • In
the second question you would write in the number in the lower right-hand corner of
Sample Group A-namely, the number 13.

Notice that the answer to each question can be figured out by remembering the two
rules that apply to each group. This should be easier to do than trying to remember
all 9 figures of each group.

The answer page above, correctly marked, would look like this:

1. " - 2. " " "

You will have 6 minutes to study the 14 groups of figures. Then you will have about
10 minutes to answer the questions. You will not be oble to look back at the original
groups when you are marking your answers.

Are there any questions?

DO NOT TURN THIS PAGE UNTIL YOU ARE TOLD TO DO SO.



SENTENCE CW'l.P ION TEST

This test is a sentence memory test. You will be given 4 minutes to study a group
of 40 sentences. The sentences will then be presented to you In a different order
with one word left out of each sentence. Your task is to write in the woro which
ha been omitted.

The following two sentences are ?Xeamples of the type of sentence you may expect.

George's barn i rdk,

The sun causes th. tr1ees to grow.

The answer page would then look like this:

The cause'; the trees to grow.

George's barn is

You would write the word "sun" in the blank qpt e in the first sentence and the
word "red" in the blank in the second sent,ncv.. "

In the test proper you will not be allowed to refer back to the original sentences
in filling in the blanks. 71

However, after you study the sentences, there will be a delay of about 10 minutes
before you will fill in the blanks. During this time you will be taking another
test. The directions for the other test will be given after you have studied the
sentences for this test.

Are there any questions?

DO NOT TURN THIS PAGE UNTIL YOU ARE TOLD TO DO SO.

_________I I i : I i I I
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wMO±0Y FOR INSTRUCTIONS TE'ST

Directions

This is a test of your ability to remember instructions which you hear. The examiner
will read aloud several instructions. After he finishes the instructions, you are to
carry them out.

For example, the examiner might say:

Check the 9.
Cross out the R.

The answer page might look like this:

(a) 7 R F 9

(b) 7 R F 9

(.c) 7 R F 9

In row (a) you would carry out the first instruction-that is, you would check the 9.
In rcv (b) you would cross out the R. The answer page, correctly marked, would look
like this:

(a) 7 R F(

*(b) 7 X F 9

(c) 7 R F 9

In other words, you are to carry out the instructions in the order in which they were
given, using a separate row on the answer page for each direction. Notice that there
may be rows on the answer page for more instructions than you are given.

The instructions will all have to do with either letters or numbers. You may be asked
to check, to circle, to underline, and to cross out.

There will be 16 sets of instructions. Remember, do not start carrying out a set of
instructions until the examiner has finished reading that set, and be sure to carry
them out in the exact order in which they were given.

Are there any questions?

DO NOT TURN THIS PAGE UNTIL YOU ARE TOLD TO DO SO.



NOTE 5: Directions for Answer Page of SENTENCE COMPLETION TUST

The directions given below were printed at the top of the Sentence

Completion Test answer page, which followed the answer pages for the

Memory for Instructions Test.

SENTENCE COMPLETION TEST

Answer Page

The sentences below are the ones you studied just a few
minutes ago. Fill in the blank in each sentence with the
word which was in it bed'ore.

Do not turn back to the previous study material in answer-
ing"Mese questions.
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M4ORk FOR WORDS TEST II

In this test you will be given 45 seconds to study 25 pairs of words. The words in
each pair will be related to each other in some way. You are to memorize the vords
so that when the first word of the pair is given you can answer with the second word
of that pair.

For examle, the following pairs are like the ones you will study:

dog - bark

black - coal

dirt - mud

After studying the pairs you will be told to turn to the answer page. On it you
will be given the first word in each pair. In the blank space after each word you
are to write from memory the related word which completes the pair.

The answer page for the pairs given above might look like this:

1. dirt -

2. dog -

3. black -

In the first blank you would write the word "mud," in the second blank the wow
"bark," and in the third blank the word "coal." Notice that the pairs on the answer
page will not be in the sam order as the pairs on the study page.

This test will have two parts. The directions for each part are exactly the ai-
study the pairs, then fill in the blanks on the answer page. Since you wifl have
only 45 seconds to study each group of pairs, you will probably have to read them
through fairly quickly.

Are there any questions?

DO HOT TUW THIS PAGE WTI YOU AM TOLD TO DO 80.

., '-



APPENDIX B

Frequency Distributions of Test Scores

Table B-l Memory for Limericks Test

B-2 Letter Span Test I

B-3 Memory for Syllables Test 
I

B-4 Consequences Test I

B-5 Number Span Test I

B-6 Memory for Words Test I

B-7 Recognition Test I

B-8 Memory for Ideas Test

B-9 Map Memory Test I

B-10 Number Span Test II

B-f Meaningful Memory: Picture Test

B-12 Meaningful Memory. Paragraph Test

B-13 Meaningful Memory: lmber Test

B-14 letter Span Test II
B-15 Reproduction of Visual Designs Test

B-16 Consequences Test II

B-17 Recognition Test II

B-1B Memory for Numbers Test

B-19 Map Memory Test II
B-20 Map Memory Test III

B-21 Sentence Span Test

B-22 Memory for Syllables Test II

B-23 Recognition Test II 
,

B-24 Memory for Relations Test

B-25 Sentence Completion Test

B-26 Memory for Instructions Test

B-27 Memory for Words Test I

B-28 Instrument Comprehension Test

B-29 Mechanical Principles Test

B-30 Rudder Control Test

B-31 Complex Coordination Test

B-32 Arithmetic Reasoning Test

B-33 Reading Coprehension Test

B-34 Vocabulary Test

B-35 Dial and Table Reading Test

B-36 Spatial Orientation Test I

B-37 Coordinate Reading Test

B-38 Discrimination Reaction Time Test

B-39 Spatial Orientation Test II

B-40 Numerical Operations Test.

Ili i i i i i i 1 1 i i i i i+ li l i i i i l l l



TABLE B-1

L Memory for Limericks Teat

Score Frequency

27 2
26 2
25 2
214 3
23 8
224
21 8
20 8
19 12
18 13
17 20
16 16
1.5 27
i14 35
13 27
12 33
U 25

*10 29
9 29
8 28
7 24i
6 29
5 15

4 18
3 7
2 8
1 6
04

442

Mean 11.56

S.D. 5.4J9

milli N4.



TABLE B-2

ro Letter Span Test I

Score Frequency

16 2
114 7S13 5
12 15
11 143
10 56
9 81
8 90
7 67
6 44
5 22
4 9
2 1

442

Mean 8.46
S.D. 2,11

TABLE B-3

Memory for Syllables Test I

Score Frequency

10 8
9 114
8 U1
7 18
6 145
5 TO
14 71
3 83
2 61
1 514
0 7

"2

Mean 3.96
S.D. 2.21



TABLE B-14

Consequences Test I

Score Frequency

18 59

17 10516 9315 58
114 36
13 30
12 22
11 6
10 15
9 10
8 3
7 2
6 1
5 2

442

* Mean 15.21
S.D. 2.50

TABLE B-5

Number Span Test I

Score Frequency

17 1
114 2
13 5
12 12
11 23
10 27
9 52
8 76
7 814
6 77
5 149

* 4 214
3 7
2 2
1 1

442

Mean 7.4o
S.D. 2.23



TABLE B-6

Meuory for Words Test I

tScoreFrqec

20 30
19 2
18 30
17 31
16 32
15 32
14 ~ 27

13 39

12 12
*3 63

2 2
8 20

5 9a
4ea 121

444



t rTABLE B3-7
Recognit:' .Bt IL

Score Frequency

36 2
314 7
33 7
32 27
31 17
30 38
29 19
28 61
27 32
26 141
25 32
24 5
23 14~
22 35
21 14~
20 17
19 6

17 14
16 1
15 3

12 2
3.1 2
91
61

44s2

Mean259

S.D. 4.36



TAB E B-8

Memory for Ideas Test

Score Frequency

52 5

50 2
149 7
48 3
47 8
46 13
145 .7
144 20
43 25
42 32
141 27
40 30
39 19
38 27
37 28
36 18
35 29
34 25
33 17
32 22
31 16
30 16
29 6
28 5
27 6
26 5
25 4
24 2
22 2
20 1
17 1

442

Mean 37.98
S.D. 6.06



TABLE B-9

Map Memory Test I

Score Frequency

56 3
55 1
54 2
53 14
52 7
51 17
50 17
49 21
418 23
47 26
46 38
45 39
44 31
43 20
42 28

* 41 21
40 25
39 21
38 15
37 16
36 20
35 7
314 10
33 31
32 6
31 1
30 4
29 5
27 1
25 1
241 1

442

Mean 42.89
S.D. 5.72

4
- -Hll
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TABLE B-10

be Number Spi,'rn Test II

Score Frequency

17 1
15 4&

14 6
13 22
12 23
11 414
10 67

9 62
8 56
7 67
6 52
5 27

4 7
3 14

1442

Mean 8.69
* S.D. 2.145

TABLE B-i1

Meaningful Memory: Picture Test

Score Frequency

30 1
29 7
28 21
27 140
26 144

25 58
214 56
23 514
22 37
21 35
20 2

~19 18
18 25

*17 7
16 8
15 2

* 14 2
12 1

8 1

1442

Mean 23.18



TABLE B-12

Meaningful Memory: Paragraph Tort

Score Frequency

29 6
28 13
27 34
26 53
25 52
24 61
23 51
22 55
21 33
20 35
19 22
18 10
17 7
16 4

14 2

42

Mean 23.17
S.D. 2.93

TABLE B-13

Meaningful Memoryt Number Test

Score Frequency

15 105
14 58
13 55
12 56
U 46
10 33
9 30
8 22
7 13
6 8
5 6
4 3
3 14
2 3

442

Mean 11.89
S.D. 2.91



TABLE B-14~

Iatter Span Test II

Scare Frequency

15 1
114 5
13 14
12 16,

t U 23
10 39

9 58
8 91
7 86
6 723
S 26
14 16
3 3
1 1

1442

Mean 7.84

S.D. 2.12

TABLE B-15

Reproduction of Visual Desigiia Teat

Score Frequency

20 57
19 88
18 714
17 75
16 59
15 37
314 26
13 16
12 7
11 2
10 1

1442

Mean 17,21
S.D. 2.08



TABLE B-.16

Consequences Test Il

Score Frequemicy

20 86
19 89
18 83
17 58
16 38
15 29

14 21
13 12
12 11
U1 3
10 2

9 2
8 14
7 2
6 1

2 1

Mean 17.29
S.D. 2.69



TABLE B-17

Recognition Test II

Score Frequency

50 16
49 19
48 27
47 28
46 52
45 39
44 42
43 32
42 35
41 33
40 26
39 17
38 21
37 17
36 10
35 7
34 5
33 4
32 8
31 2
30 1
29 1

442

Mean 42.88
S.D. 4.37

iI ,



TABLE B-18

Memory f or Numbers Test

Score Frequency

22 4s
21 6
20 U1
19 7

18 10
17 17
16 20
15 29
14 ~ 19
13 31
12 22
U1 32
10 33

9 35
8 40O
7 31
6 30
5 20
4s 26
3 9
2 7
3 3

44s2

Mean 10.60
S.D. 4s.75



TABLE B-19

Map Memory Test II

Score Freqiency

105
9 14
8 142
7 5
6 83

5 714
14
3 5
2 214
1 14
0 2

1442

Mean 5.28
S.D. 1.95

* TABLE B-20

Map Memory Teat III

Score Frequency

12 8
U 214
10 142
9 68
8 78
7 69
6 6
5 314
14 23
3 23
2 5
1 2
0 1

1442

mean 7.31
S.D, 2.28



TABLE B-21

Sentence Span Test

Score Frequency

15 5
111 913 12
12 29
11 53
10 54i
9 55
8 72
7 56
6 37
5 27

3 15
2 1
1 2
0 1

1442

Mean 8.49
S.D. 2.70

TABLE B-22

Memory for Sylables Teat II

Score Frequency

12 8

10 23
9 23
8 J6
7 40
6 53
5 148
14 60'3 63
2 141
1 23
0 10

1442

Mean 5.31
S.D. 2.87



TABLE B-23

Recognition Test III

Score Frequency

79 2
76 2
74 5
73 10
72 9
71 16
70 25
69 20
68 20
67 25
66 22
65 27
64 26
63 25
62 23
61 22
60 21
59 20
58 33
57 14
56 16
55 9
54 10
53 6
52 10
51 5
50 5
49 4
48 8
47 2

442

Mean 62.61
S.D. 6.37



TABLE B-24

Memory for Relations Test

Score Frequency

14 10
13 31
12 74

&11 6
10 62
9 61
8 43
7 45
6 28

4 4
3 5
2 2
1 1
0 1

442

Iean 9.55
S.D. 2.50

u~~~waw



TABLE B-25

Sentence Completion Test

Score Frequency

36 3
34 2
33 5
32 6
31 6
30 ii
29 13
28 13
27 17
26 11
25 22
24 25
23 20
22 18
21 18
20 33
19 20
18 26
17 26
16 25
15 19
14 20
13 15
12 22
11 7
10 11

9 9
8 3
7 9
6 3
5 1
4 1
3 1
1 1

442

Mean 19.64
S.D. 6.64

mo



TABl I B-26

Memory for Instructions Test

Score Frequency

16 2
15 6
14 9

12 35
11 45
10 63
9 75
8 69
7 59
6 314
5 15

14 7
3 1
2 1
1 2
0 1

1442

Mean 9.91
S.D.



TABLE B--27

Memory for Words Test II

Score Frequency

50 2
149 1
148 6
47 9
46 9
45 9
144 12
43 12
42 22

41. 12
40o 21
39 27
38 20

37 30
36 24
35 22
34 20
33 19
32 19
31 23
30 19
29 23
28 15
27 8
26 8
25 12
24 8
23 5
22 9
21 5
20 3
19 3
17 1
15 2
13 1

9 1

442

Mean 34.71
S.D. 7.12

i* .I



TABLE B-28

*Instrument Comprehension Test

Score Frequency

9 26
8 49
7 59
6 775 82
466
3 48
2 17
1. 18

442

Mean 5.36
S.D. 2.02

TABLE B-29

Mechanical Principles Test

Score Frequency

9 38
8 34
7 419
6 84~

5 96

3 50
2 33
1 3

Mean 5.38
S.D. 1.98



TABLE B-30

Rudder Control Test

Score Frequency

9 27

7 78
6 90
5 99
14 4~7
.3 42
2 19
1 1

442

Mean 5.63
S.D. 1.79

TABLE B-31

Complex Coordination Teat

Score Frequency

9 18
8 39
7 63
6 95
5 82
14 70
3 149
2 22
1 14

1442

Mean 5.36
S.D, 1.82



l4 TABLE B-32

Arithmetic Reasoning Test

Score Frequency

9 45
8 37
7 71
6 78
5 83
4 59
3 43J
2 16
1 10

1442

iMan 5.63
S.D. 2.00

TABLE B-33

Reading Comprehension Test

Score Frequency

9 25
8 50
7 5L
6 93
5 96
14 57
3 43
2 18
1 6

442

Mean 5.52
S.D. 1.86

iI
mI



* TABLE B-34~

Vocabulary Test

Score Frequency

9 116
8 465
7 4
6 66
5 92
46 79
3 55
2 29
1 18

Mean 4.99
S.D. 1.97

TABLE B-35
0 Dial and Table Reading Test

Scare Frequency

9 39
8 4 19
7 646
6 61
5 87
46 68
3 46
2 246

Mean 5.55
S.D. 2.01



TABLE B-36

Spatial Orientation Test I

Score Frequency

9 20
8 20
7 66
6 50
5 98
4 89
3 512 30

1 18

1442

Mean 4.93
S.D. 1.94

TABLE B-37

Coordinate Reading Test

Score Frequency

9 26
8 23
7 39
6 68
5 89
4 76
3 149
2 31
1 1

1442

Mean 4.75
S.D. 2.14



* TABLE B-38t Discrimination Reaction Time Test

Score Frequency

9 30t 84

6 86

4s 61

.3 332 20

Mean 55
S.D, 1.92

TABLE B-39

* Spatial Orientation Teat 11

Score Frequency

9 38

7 4
6 68
5 97
4s 78
3 29
2 28
1 12

Mean 5oi41
S.D. 2.03



TABLEF B-40O

Numerical Operations Test

Score Fr"Quenoy

9 12
8 21

7 72

3 27
2 29
1 7

Mean 5.17S.D. 1.721



.PFENtiIX C

Analysis of Complete Memory Battery

Table C-1 Descriptive statistics of 40O tests for 4j42 subjects'

C-2 Correlations of 40 tests for 442 subjects: Matrix R0

C-3 Weight matrix 1a

C-4& Factor matrix Va

C-5 Residual correlation matrix R a

C-6 Weight matrix Wb

C-7 Factor matrix Fb
0b

C-8 Residual correlation matrix Rb m *

C-9 Complete factor matrix F~

C-10 Factor atrixF2

C-13l Factor matrix F t Final wirotated orthogonal factor matrix

C-12 Final residual correlation matrix R 3

C-13 Oblique transformation matrix A

C-.14 Rotated oblique factor mtrix V

C-15 Cosines of angles between reference vectors: Matrix A' A

C-16 Iziterc orrelati ens of primary vectors' Matrix TTV



TABLE C-i

Descriptive Statistics of 40 Tests for 442 Subjects

Total Pos- Mean Standard
Test sible Score Deviation

1. Memory for Limericks 30 f1.56 5.49
2. Letter Span I (Visual) 18 8.46 2.11
3. Memory for Syllables I (Paired Associ- 12 3.96 2.21

ates: Nonsense Syllables)
4. Consequences I (Non-verbal) 18 15.21 2.50
5. Number Sp-- I (Auditory) 18 7.40 2.23

6. Memory for Words I (Paired Associates: 20 12.94 4.56
Unrelated Words

7. Recognition I (Syllables) 36 25.94 4.36
8. Memory for Ideas 67 37.98 6.06
9. Map Memory I (Reproduction) 56 42.89 5.72
10. Number Span II (Visual) 18 F.69 2.45

11. Meaningful Memoryt Picture 30 23.18 3.27
12. Mseningful Memory: Paragraph 30 23.17 2.93
13. Meaningful Memory: Number 15 11.89 2.91
14. letter Span II (Auditory) 18 7.84 2.12
15. Reproduction of Visual Designs 20 17.21 2.08

16. Consequences II (Verbal) 20 17.29 2.69
17. Recognition II (Words) 50 42.88 4.37
18. Memory for Numbers (Paired Associates: 22 10.60 4.75

Unrelated fiords and Numbers)
19. Map Memory II (Verbal Questions) 14 5.28 1.95
20. Map Memory III (Recognition) 12 7.31 2.28

21. Sentence Span 16 8.49 2.70
22. Memory for Syllables II (Paired Associ- 12 5.31 2.87

atest Nonsense Syllables)
23. Recognition III (Figures) 80 62.61 6.37
24. Memory for Relations 14 9.55 2.50
25. Sentence Completion 40 19.64 6.64

26. Memory for Instructions (Span) 16 9.01 2.47
27. Memory for Words II (Paired Associates: 50 34.71 7.12

Related Words)
28. Instrument Comprehension 5.36 2.02
29. Mechanical Principles 5.38 1.98
30. Rudder Control 5.61 1.79

31. Complex Coordination 5.36 1.82
32. Arithmetic Reasoning 5.63 2.0033. Reading Comprehension 5.52 1.86

34. Vocabulary 4.99 1.97
35. Dial and Table Reading 5.55 2.01



TABLE C-1 (Continued)

Descriptive Statistics of 40 Tests for 442 Subjects

Total Poe- Standard
sible Score Deviation

36. Spatial Orientation I 4.93 1.94
37. Coordinate Reading 4.75 2,14
38. Discrliunation Reaction Tim 5.51 1.92
39. Spatial Orientation II5,41 2.03
40. Nmaerical Operations 5.17 1.72

I1 .



TAKLE C-2

Correlations of 40 Tests for 442 Subjects: Matrix Ro

(Decimal points oaitted)

Test 1 2 3 4 5 6 7 8 9 10

1. LIm 2330 .2463 2851 1628 2240 2253 5313 1142 2286
2. Lp-Vi 2330 2285 1701 4851 1722 1223 1435 1458 5185
3. PSyl,-1 2463 2285 0808 2122 3930 2058 136 1935 2798
4. Con-NY 2851 1701 0808 0817 1799 0722 2579 2325 1557
5. NSp-Au 1628 4851 2122 0817 2005 0781 1585 0756 5024

6. P~d-U 2240 1722 3930 1799 2005 2282 2519 2002 1908
7. RSrl 2253 1223 2058 0722 0781 2282 0934 1448 1053
8. Ideee 5313 1435 1436 2579 1585 2519 0934 1729 1689
9. Map-Rp 1142 1458 1935 2325 0756 2002 1448 1729 1509

10. NDp-Vi 2286 5185 2798 1557 5024 1908 1053 1689 1509

31. Piot 2224 2420 1789 1772 1966 1745 1804 2088 2120 2015
12. Para 3165 1773 1722 1671 0914 2434 2605 2160 2014 1460
13. NOR 0138 1143 2166 1268 1621 2082 1804 0477 2454 2003
14. ISp-Au 2917 5455 2787 0711 5824 2761 1798 1749 1206 5303
15. DsgRp 1185 1588 1375 1603 1658 0746 1180 0820 2961 1627

16. Con-Vb 3955 1461 1999 165' 1099 2015 1614 3084 1130 1325
17. RId 1022 0905 1526 0517 1082 4192 1622 1756 2105 1941
18. Pam 2118 2138 4216 1357 1690 4612 2387 1334 2976 1978
19. Map-Vb 1090 1069 1313 1046 1342 0774 1664 1115 1961 2037
20. Map-Re 1576 2290 1604 1525 1456 1981 2228 1471 3052 1594

21. Senep 3631 3494 2255 1888 3140 1526 1188 3176 -0402 2790
22. PSyl-2 2635 3108 5091 1446 2299 3077 2683 1498 2917 3317
23. RFig .2180 101 1300 1933 0929 2123 2898 1848 2690 0470
24. Rol 1673 1271 1453 2217 1863 1938 1425 1220 2578 2040
25. SComp 4795 1277 3216 1773 1459 3765 2441 3397 2325 1570

26. InuSp 1027 2804 0793 0707 2300 -0497 -0245 -0334 0708 2912
27. fld-R 2595 1929 3082 1635 1015 3949 2588 2049 2689 2295
28. ICamp 1893 1460 1059 0953 1436 0893 1266 0495 1696 1047
29. Orin 1541 0626 -0185 0056 1287 0707 0130 1510 100 0529
30. RCon -0956 1162 -0511 -0702 1Oi 0285 -0366 -0738 -0594 0257
31. CCoord 0981 1814 0203 0764 2040 0372 0895 1002 1324 1272

32. Mem 3347 1606 1279 1772 1985 1051 1723 1712 1853 2506
33. RdComp 4592 2060 1424 2038 1971 1476 2574 2624 1361 1655
34. Voc 5927 2972 2584 2516 2243 1419 2551 3399 1673 2138
35. d 1345 1452 1475 1712 16W6 -0001 1010 0725 2604 1746

36. SpaO-1 0530 1434 0892 1947 0793 -0445 -0085 0762 2791 1537
. 37. CRd 1008 0903 0365 1350 1403 -0093 1220 0618 2196 1412

38. MT. 1224 2050 1178 1688 2118 1194 0828 0747 1984 1276
39. SpaO-2 0847 1412 0407 1659 0576 -0177 1043 0509 3O40 1064
40. Numop 2503 156%4 1469 1834 1639 0441 1183 1033 1870 2441



TABLL C-2 (Continued)

Correlation of 40 Tests for 442 Subjects: Matrix R0

(Decimal points omitted)

Test 11 12 13 14 15 16 17 18 19 20

1. Lim 2224 3165 0138 2917 1185 3955 1022 2118 1090 1576
2. ISp-Vi 2420 1773 1143 5455 1588 1461 0905 2138 1069 2290
3. PSy1-1 1789 1722 2166 2787 1375 1999 1526 4216 1313 1604
4. Con-Nv 1772 1671 1268 0711 1603 1657 0517 1357 1046 1525
5. NSp-Au 1966 o914 1621 5824 1658 1099 1082 1690 1342 1456

6. FVd-U 1745 2434 2082 2761 0746 2015 4192 4612 0774 1981
7. RSyI 1804 2605 1804 1798 1180 1614 1622 2387 1664 2228
8. Ideas 2088 2160 0477 1749 0820 3084 1756 1334 1115 1471
9. Map-Rp 2120 2014 2454 1206 2961 1130 2105 2976 1961 3052
10. N p-Vi 2015 1460 2003 5303 1627 1325 1941 1978 2037 1594

31. Pict 1935 2180 1849 2151 1806 1131 1617 0454 2669
12. Para 1935 2276 1878 06514 2321 1658 1990 0722 1918
13. I= 2180 2276 1723 2678 0090 2197 2630 1676 2536
14. ISp-Axt 1849 1878 1723 1839 1565 1475 2562 1094 1935
15. DsgRp 2151 0654 2678 1839 1035 0868 1638 1527 2825

16. Con-Vb 1806 2321 0090 1565 1035 2307 2044 1649 0711
17. RWd 1131 1658 2197 1475 0868 2307 3755 1045 0995
18. PN=m 1617 1990 2630 2562 1638 2044- 3755 2071 2304
19. Map-Vb 0454 0722 1676 1094 1527 1649 1045 2071 2093
20. Map-Re 2669 1918 2536 1935 2825 0711 0995 2304 2093

21. SenSp 1579 2232 0904 3889 1434 2380 0755 1381 0260 0362
22. PSyl-2 2468 2181 2629 3248 2642 2731 2681 4769 1982 2809
23. RFig 2505 1781 1107 1451 2826 1739 1823 2813 1459 2609
24. Eel 2322 1854 3060 1495 3638 1292 0425 1355 1674 3219
25. SCamp 2518 2535 1695 1913 1612 4114 2976 3970 2096 2230

26. IrwSp 1332 0105 0328 2185 1729 0736 -0655 0839 0469 0506
27. P.d-R 2464 2566 2482 1800 1265 3398 3593 4608 2243 2229
28. IComp 2018 0641 0671 1737 2781 0619 0015 0742 0727 2272
29. UPrin 0958 1076 -0091 1268 2544 0865 0090 0332 0139 1703
30. RCon 0030 -1019 -0518 0975 -0615 -,302 -0012 -1129 0372 -0585

31. CCoord 1843 0056 0662 1983 1580 0497 0220 1040 0953- 1369
32. AReas 1622 2710 1902 2274 2144 2160 1370 1403 0980 1811
33. RdComp 2054 3730 1407 2696 2330 2410 0166 0784 0754 2413
34. Voc 2446 4184 0676 3103 1503 2630 0262 1494 0486 1542
35. DTRd 2159 1762 1742 1950 1790 1154 1396 0946 0987 2124

36. SpaO-1 1475 0978 1460 1332 1931 0503 0460 0771 1161 2032
37. CRd 1569 1598 1268 1148 2521 0603 0893 1150 0844 2562
38. RTime 2270 1624 1924 1569 1676 1220 1739 1592 0448 1322
39. SpaO-2 1567 1895 1207 1031 3248 0316 0009 0857 1337 3175
40. NuiOp 2187 2308 2437 1391 1075 1527 1153 1529 0347 0999



I
TABLE C-2 (Continued)

Correlations of 40 Tests for 442 Subjects: Matrix R
0

(Decimal points omitted)

21 22 23 24 25 26 27 28 29 30

1. Lin 3631 2635 2180 1673 4795 1027 2595 1893 1541 -0956
2. LSp-Vi 3494 3108 1101 1271 1277 2804 1929 1460 0626 1162
3. PSyl-I 2255 5091 1300 1453 3216 0793 3082 1059 -0185 -0511
4. Con-NV 1888 1446 1933 2217 1773 0707 1635 0953 0056 -0702
5. NSp-Au 3140 2299 0929 1863 1459 2300 1015 1436 1287 1041

6. PNd-U 1526 3077 2123 1938 3765 -0497 3949 0893 0707 0285
7. RSyl 1188 2683 2898 1425 2441 -0245 2588 1266 0130 -0366
8. Ideas 3176 1498 1848 1220 3397 -0334 2049 0495 1510 -0738
9. Uap-Rp -0402 2917 2690 2578 2325 0708 2689 1696 1100 -0594
10. Nsp-Vi 2790 3317 0470 2040 1570 2912 2295 1047 0529 0257

11. Pict 1579 2468 2505 2322 2518 1332 2464 2018 0958 0030
12. Par& 2232 2181 1781 18c 2535 0105 2566 0641 1076 -1019
13. Iwa 0904 2629 1107 3060 1695 0328 2482 0671 -0091 -0518
14. ISp-Au 3889 3248 1451 1495 1913 2185 1800 1737 1268 0975
15. DgRp 1434 2642 2826 3638 1612 1729 1265 2781 2544 -0615

16. Con-Vb 2380 2731 1739 1292 4114 0736 3398 0619 0865 -0302
17, RWd 0755 2681 1823 0425 2976 -0655 3593 0015 0090 -012
18. Rim 1381 4769 2813 1355 3970 0839 4608 0742 0332 -1129
19. Map-.Vb 0260 1982 1459 1674 2096 1469 2243 0727 0139 0372
20. Map-Rc 0362 2809 2609 3219 2230 0506 2229 2272 1703 -0585

21. SenSp 1976 1527 1069 0720 1402 0884 1338 1745 -0169
22. PSy1-2 1976 2324 2520 3139 2221 3923 1381 -0003 -0863
23. RFig 1527 2324 2166 2817 0538 3034 1433 1583 -0549
24. Rol 1069 2520 2166 1739 0896 1382 2470 1532 -0430
25. SCamp 0720 3139 2817 1739 1091 5199 1306 0493 -0462

26. InASp 1402 2221 0538 0896 1091 0430 1202 -0102 -0179
27. PW4-R 0884 3923 3034 1382 5199 0430 1148 0480 -0316
28. ICmp 1338 1381 1433 2470 1306 1202 1148 3047 1404
29. Prin 1745 -0003. 1583 1532 0493 -0102 0480 3047 2489
30. RCon -0169 -0863 -0549 -0430 --0462 -0179 -0316 1404 2489

31. CCoord -0178 0454 0471 2120 0352 0025 0781 2924 3192 3028
32. AReas 2676 1689 1594 3602 2159 0767 1731 2922 4516 0326
33. RdCcmp 3641 2109 2173 2962 2531 1001 1509 3232 3993 0462
34. Voc 4462 2917 1957 1823 2494 1345 1809 1996 1666 -0322
35. DTRd 0991 1779 0830 3731 1536 0745 0908 3533 1780 0517

36. SpaO-l 1008 1772 0683 1879 0974 1335 1083 2572 1392 0180
37. CRd 0897 1286 1247 2879 1405 0328 0792 3701 2859 -0061
38. DRTim 0718 1463 1189 2351 1675 0312 1491 2664 1949 0454
39. SpaO-2 0975 1514 1581 2696 0890 0507 1185 3465 3154 0146
40. Numop 1424 1960 0374 2709 1955 1140 1866 1462 0408 -0866



TABLL C-2 (Continued)

Corelations of 40 Tests for 442 Subjects: Matrix Ro
0

(Decimal points omitted)

31 32 33 34 35 36 37 38 39 40

1. Lim 0981 3347 4592 5927 1345 0530 1008 1224 0847 2503
2. LSp-Vi 1814 1606 2060 2972 1452 1434 0903 2050 1412 1564
3. PSy1-1 0203 1279 1424 2584 1475 0892 0365 1178 0407 1469
4. Con-NV 0764 1772 2038 2516 17Y2e 1947 1350 1638 1659 1834
5. p-Au 2040 1985 1971 2243 1646 0793 1403 2118 0576 1639

6. Pvd-U 0372 105] 1476 1419 -o00 -0445 -0093 1194 -0177 0441
7. RSyl 0895 1723 2574 2551 1010 -085 1220 0828 1043 1183
8. Ideas 1002 1712 2624 3399 0725 0762 0618 0747 0509 1033
9. Map-Rp 1324 1853 1361 1673 2604 2791 2196 1984 3040 1870

10. !Sp-Vi 1272 2506 1655 2138 1746 1537 1412 1276 1064 2441

11. Pict 1843 1622 2054 2446 2159 1475 1569 2270 1567 2187
12. Para 0056 2710 3730 4184 1762 0978 1598 1624 1895 2308
13. Nu 0662 1902 1407 0676 1742 1460 1268 1924 1207 2437
14. LSp-Au 1983 2274 2696 3103 1950 1332 1148 1569 1031 1391
15. DagRp 1580 2144 2330 1503 1790 1931 2522 1676 3248 1075

16. Con-Yb 0497 2160 2410 2630 1154 0503 0603 1220 0316 1527
17. RWd 0220 1370 0166 0262 1396 0460 0893 1739 0009 1153

• 18. Pi= 1040 1403 0784 1494 0946 0771 1150 1592 0857 1529
19. map-Yb 0953 0980 0754 0486 0987 1161 o84 o448 1337 0347
20. Map-Re 1369 1811 2413 15W4 2124 2032 2562 1322 3175 0999

21. SenSp -0178 2676 3641 4462 0991 1008 0897 0718 0975 1424
22. PSyl-2 0454 1689 2109 2917 1779 1772 1286 1463 1514 1960
23. RFig 0471 1594 2173 1957 0830 0683 1247 389 1581 0374
24. Rol 2120 3602 2962 1823 3731 1879 2879 2351 2696 2709
25. SCamp 0352 2159 2531 2494 1536 0974 1405 1675 0890 1955

26. InsSp 0025 0767 1001 1345 0745 1335 03?6 312 0507 1140
27. PWd-R 0781 1731 1509 1809 0908 1083 0792 14.91 1185 1866
28. ICamp 2924 2922 3232 1996 3533 2572 3701 2664 3465 1462
29. OPrin 3192 4516 3993 1666 1780 1392 2859 1949 3154 0408
30. RCon 3028 0326 0462 -0322 0517 0180 -0061 0454 0146 -0866

31. CCoord 1924 1843 0968 2744 2373 2262 3350 2892 1537
32. AReas 1924 5445 3463 3812 0486 3588 2276 3140 4776
33. RdCowp 1843 5445 6109 2792 1476 2339 2058 3073 2343
34. Voc 0968 3463 6109 2114 1850 1647 2104 2054 2672

* 35. DTRd 2744 3812 2792 2114 4448 5725 3619 3291 5196

36. SpaO-1 2373 0486 1476 1850 4448 3853 3228 4247 2051
* 37. C&A 2262 3588 2339 1647 5725 3853 2761 3812 3911

38. DRTImw 3350 2276 2058 2104 3619 3228 2761 2277 2901
39. SpaO-2 2892 3140 3073 2054 3291 4247 3812 2277 1543
40. NumOp 1537 4776 2343 2672 5196 2051 3911 2901 1543



TABLE, C-3

Veight Matrix Wa

(All empty cells contain zero weights)

Test Factor

A BI CI  DI  E1  F, GI

1. Lim 1
2. LSp-Vi 1

3. PSy-l
4., Con-NV
5. NSp-Au 1

6. Pd-U
7. RSyl
8. Ideas
9. Map-Rp
10. fSp-Vii

11. Pict
12. Para 1
13. Num
14. LSp-Au 1
15. DsgRp

16. Con-Vb
17. RWd
18. PNUM
19. Map-Vb
20. Map-Rc

21. SenSp
22. PSyl-2 1
23. RFig
24.,Rl
25. SComp

26. InsSp
27. PWd-R 1
28. IComp 1 1 1
29. MPrin 1 1

30. RCon 1

31. rCoord
32. AReas 1 1

33. RdCoump 1 1
34. Voc 1
35. DTRd 1 1

36. SpaO-i 1
37. CRd 1 1
38. DRTIm
39. S aO-2 1 1
40. NumOp 1



TABLE C-4

Factor Matrix F

(Decimal points omitted)

Test Factor

Al B1  CI  DI  E1  F1  01

1. Lim 70 -06 -09 -06 09 01 10
2. Lsp-Vi 33 0h 06 -10 25 59 00
3. PSyI-1 29 Oh -02 -17 04 23 50
h. Con-h4V 33 09 08 -12 -10 O5 05
5. Np-Au 2h 14 -00 06 21 65 -01

6. PWd-U 27 -10 -06 10 06 19 55
7 RS y1 36 -02 01 -00 -03 01 2
8. Ideaa h8 -13 -02 -07 09 Oh 08
9. Uap-Rp 22 21 25 -Oh -13 02 30
10. NSp-Vi 27 20 -Oh -06 07 62 07

22. Pict 31 13 10 -05 1 10 16
12, Para 55 02 -02 -08 -16 -00 08
23. Num 16 24 -03 01 -17 18 27
14.LSp-Au 38 07 0 5 -05 26 62 05
15. DegRp 20 15 32 35 -28 23 14

16. Con-b hi 00 -10 -07 07 01 26
17. RWd 11 15 -09 -13 07 11 46
18. MM 23 07 01 -07 -02 20 63
19. Map-Vb 1 06 12 02 -Oh 1h 22
20. Map-Rc 27 10 32 17 -25 16 22

21. Senrp 50 -05 -01 01 -02 34 -12
22. PSyI-2 35 07 09 -12 -12 29 46
23. Wig 29 -O4 14i 17 -17 07 28
24. Rol 30 38 10 12 -12 08 12
25. SComp hh 03 00 -12 -0 -03 49

26. IuSp 12 07 05 -07 -01 32 -03
27.PWd-R 30 05 o -08 O 07 59
28. ICmp 28 27 39 20 09 01 05
29. UPrin 30 19 23 51 16 .-Oh -05
30. RCon -07 Oh 10 22 55 01 -03

31. Cord 2U 26 29 19 38 02 02
32. ARea 54 4 -10 37 -03 03 -01
33. RdCmp 7h 11 07 25 03 -04 -09
34. Voc 80 -07 o5 Oh.1 04 03 -10
35.W DTR 29 65 27 -12 03 -01 -01

36. SpaO-l 17 29 56 -23 02 Oh -01
37. CRd 24 60 36 -03 -06 -02 -02
38. Mime 25 34 21 -08 25 -01 09
39. Sp&aO-2 28 27 h8 17 -08 -01 -01

4. IOp 35 64 -17 -25 -00 -01 02



TABLE a-5

Residual Correlation Matrix Ra

(Decimal points omitted)

L Test 1 2 3 4 5 6 7 8 9 10

1. in -0211 -0266 0660 -0195 -0343 -0473 1607 -0279 028
2. LSp-Vi -02fl -0322 0398 -0291 -0260 0079 -0594 0586 0352
3. PSy-1 -. 0266 -0322 -0668 -0109 0156 -0163 -0576 -0349 0000
4. Con-NT 0660 0398 -0668 -009M4 0884 -.0592 1082 0870 0225
5. NSp-Au -0195 -0291 -0109 -0094 0073 -0025 0203 0114 -0090

6. PWd-U -0343 -0260 0156 0884 0073 0015 0575 0165 -0201
7. RSY1 -0473 0079 -0163 -0592 -0025 0015 -0983 -0113 -0058
8. Idea 1607 -0594 -0576 1082 0203 0575 -0983 0796 0239
9. limp-ap -0279 0586 -0349 0870 0114 0165 -0113 0796 0301

10. ESp-vi 0248 0352 0000 0225 -0090 -0201 -0058 0239 0301

11. Plot -0005 0321 -0340 0496 0152 -0017 03143 0470 0494 0075
12. Para -o686 0323 -0378 -01O2 -0027 0672 0399 -0448 0313 -0031
13. K= -1011 -0085 -0069 0201 0101 0143 0573 -0129 0603 -087
14. IWp-Au -0028 -0166 -0211 -0725 0269 0262 0363 -0529 0121 0066
15. Degip 01457 0305 0265 0483 -0127 -0869 -0010 0362 0709 -0210

16. c.,-Vb 0642-0107 -0659 0278 -0047 -0516 -0103 0787 -0259 -0116
17. RVi -0370 -002 -5665 -0250 -0134 1371 0192 0834 0357 0198
18. Flu -0127 044 -0188 0051 -0132 0326 0069 o0101 0261 -0.74

* 19. Map-'b 0282 -011 -0364 0361 0170 -08 0723 0198 0 T1 0695
20. Map-a. 0163 0960 -0227 0056 0066 -0004 0624 0462 479 082

21. SenSp 0186 -0042 061 0196 -0183 0125 -0360 0681 -1123 .-0169
22. PSyl-2 -0190 0288 0903 0454 0220 -066 0262 -0567 008 M20
23. ZrU 0215 0209 -0708 0760 0074 -0370 19 0430 0764 --0612
24. 31 .-0039 0029-0092 0757 0326 0697 0OT4 0339 0365 0120
25. smp 125 -0123 -0667 -4x48 0669 0084 -0301 0820 -0262 0120

26. InaSp 0215 0384 -0296 -0034 -01" -1105 -064 0971- 0133 129
27. PWR -0199 0273 -1094 0235 -0281 -02 017 0046 0060 01435
28. IComp 0463 0017 0247 -0208 -0005 0081 0179 -0135 -0388 -0166
29. UCrin 0013 -0258 0033 -0461 -0075 -0077 -0767 0604 0061 -0096
30. RCen -0687 0095 -0034 0228 -0209 0159 011 -0660 0097 0093

31. Ceuid 0211 046 -0246 0441 0289 -0162 01474 091 0230 0169
32. ARea 0015 -0001 0088 0119 -0293 -da17 -0105 -0063 0092 0179
33. dCVAP -0235 -057 0166 -0122 0052 -0109 0166 -0561 -0246 0"
3. voo 0292 -0051 0478 -0137 0170 -0219 -0092 -0598 0212 -0103
35. DuTd -01O4 -0092 0273 -0106 0154 0207 0088 0124 -00"18 -0241

36. SpaO- 1 -0143 -0195 -0078 0400 -0414 -0112 -072 0195 0350 0331
37. CR4 0108 -0174 -0405 -0307 0288 0262 0447 0354 -0527 -0127

O 38. me -096 0243 -0337 0528 0608 016 -0177 -0349 0188 -0255
39. Spa0-2 -0326 044 -0037 0222 -0293 -W037 0006 -0238 063 0203
40. NwOp 0088 0093 -0360 -0012 0139 0210 0016 -0061 -A 0062



TABLE C-5 (Continued)

Residual Correlation Matrix Ra

(Decimal points omitted)

Teat 11 12 13 14 15 16 17 18 19 20

1, Li -0085 -0686 -1011 -028 0457 0642 -03170 -0127 0282 0163
2. ISp-Vi 0321 0323 -0085 -0166 0305 -0107 -0402 0144 -oJ 0960
3, FSY1-1 -.03*0 -0378 -0069 -0211 0265 -0659 -1665 -0188 -0364 -0227
4. Con.- 0496 -402 0201 -0725 0483 0278 -0250 0051 0361 0056
5. N8p-Au 0152 -027 0101 0269 -0127 -0047 -0134 -0132 0170 0066

6, 1,d-U -0017 0672 0143 0262 -0869 -0 16 1371 0326 -0865 -0004
7. RSyl 0343 0399 0573 0363 -0010 -01403 0192 0069 0723 0624
8. Ideas 0470 -o448 -0129 -0529 0362 0787 0834 -0301 0498 0162
9. Map-Rp 0494 0313 0603 0121 0709 -0259 0357 0281 0561 0479

10. Nmp-Vi 0075 -031 -087 0066 -0210 -0146 0198 -04714 0695 -0082

11. Piot 0237 0961 -0506 0998 0101 -0327 -0439 -0537 12O4
12. Para 0237 0869 o14 -0709 -0080 0626 0111 -0084 0057
13. Nue 0961 0869 0169 0818 -1179 0343 0039 0502 0656
]4. zp-Au -0506 014 0169 0200 -0332 -0133 0113 -0285 0.300
15. D gRp 0998 -a/09 0818 0200 0589 o456 -0098 O024 -096

16, Cor-Vb 0101 -0080 -U79 -0332 0589 o442 -04o0 0790 -0332
17. Rffd -0327 0626 0343 -0133 01456 01442 - 0226 -0160 001
18. Flv -0139 0111 0039 0113 -0098 -05140 0226 0124 -0041
19. Map-Vb -4537 -0084 0502 -0285 0024 0790 -0160 0124 0510
20. Map-Ro 12o4 0057 0656 0300 .896 -0332 0041 -0o14 0510

21. Seaip -0042 -0408 -0096 0043 -0169 0633 0472 0349 -0466 -1244
22. l 2 0199-010o14 -U00224 0009 o305 0166 -0262 0293 0012 -073
23. g 12143 -0"141 -.0404 0217 0223 0223 0652 0342 0177 -0038
24. Bel 0706 -00314 1030 -0094 lo42 0024 -0781 -0447 0560 0799
25. SC=p 0286 -007 -0326 0116 0140 0981 0072 -0175 0590 0187

26. Inusp 0493 -0615 -0520 -0353 0704 0289 -1131 0003 -0142 -0443
27. P .4 0311 0406 0237 -0290-0063 0567 0257 -0041 0504 018
28. ICftp 0302 -0595 -0317 0057 0033 -0183 -0392 -0263 -0332 -0245
29. MIin -0270 01242 -0543 0005 -0219 0253 o487 0280 -0173 -0329
30. Mn .40o 01417 0460 -0182 .,0087 -0092 0121 .0571 0495 0261

31. C-fl 0370 0036 0400 0121 0273 0022 -0216 0554 0310 0314
32. ARea -0356 -0090 -0192 0062 -0697 0167 0515 017 0123 -0496
33. ,dCMoP -0186 09 0300 01o 4 -0121 -0131 -0012 -0167 -0001 0015
314. Yoo 0034 -0122 -0158 -0220 0374 -01430 -0244 0184 -0197 -0234
35. DMd 0064 0081 -0094 0258 -0114 0146 0213 -0162 0047 0130

36. Spa0- 1  -0169 -0055 0689 -0182 0120 0167 -000 4 -0055 M62 -0.42
37. CR4 -02314 0166 -0445 -0051 -002 0033 0139 0293 -01141 0131
38. Win 0363 0148 0965 -0399 0818 -0069 0453 0208 -0363 0179
39. SpO-2 0037 0403 0167 -0082 -0038 -0163 0014 0187 0265 0126
40. *P 0292 0009 0285 -0;19 0811 -0313 -0728 0045 -0170 0366



TABE C-5 (Continued)

Residual Correlation Matrix R.

(Decimal points mitted)

Test 21 22 23 214 25 26 27 28 29 30

1. Lin 0186 -0190 0215 -0039 1125 0215 -0199 0463 0013 -0687
2. ISp-Vi -0042 0288 0209 0029 -0123 0384 0273 0017 -0258 0095
3. PSy1-1 0o641 0903 -0708 -0092 -0667 -0296 -1094 0247 0033 -0034
4. Con-NY 0196 -04514, 0760 0757 -0048 -0034 0235 -0208 -0461 0228
5, Nsp-Au -0183 -0220 0074 0326 0669 -0144 -0281 -0005 -0075 -0209

6. Pwd-U 0125 -0666 -0370 0697 0084 -n05 -01142 0081 -0077 0159
7. RSy1 -0360 0262 1109 0074 -0301 -0641 0117 0179 -0767 0111
8. Ideas 0681 -0567 0430 0339 0820 -0974 0048 -0435 0604 -0660
9. Map-Rp -1123 0085 0764 0365 -0262 0131 0080 -0388 0061 0097

10. N~p-Vi -01469 0120 -612 0120 0120 0429 0435 -0166 -0096 0093

1.1. Piet -0042 0199 12W4 0706 0286 01493 0311 0302 -0270 -01402
12.* Para -01408 -0404 -01141 -0034 -0107 --0615 01406 -0595 01142 01417
13. u -00 -024 -0404 1030 -0326 -0520 0237 -0317 -0543 0460
1U. LSp-Au 0043 0009 0217 -0094 0116 -0353 -0290 0057 0005 -0182
15. DsgRp -0169 0305 0223 1042 0460 0704 -0063 0033-0219 -0087

* 16. Con-Vb 0633 0166 0223 0024 0981 0289 0567 -0183 0253 -0092
17. RWd 0472 -0262 0652 -0781 0072 -1131 0257 -0392 0487 0121
18. FR 03149 0293 03142 -04147 -0175 0003 -00141 -0263 0280 -0571

* 19. map-vb -01466 0012 0177 0560 0590 .0142 14 -0332 -0173 0495
20. ap-Ro -1244 -0073 -038 0799 0187 -43 0158 -0245 -0329 0261

21. Senep -0197 0112 -0381 -0782 -0316 -0136 0098 0425 0203
22. Pyl-2 -0197 -0301 0317 -0768 0780 -0192 -0039 -0259 0269
23, RFIg 0112 -0301 01488 0384 0071 0654 -0149 0032 01314
24. Rol -0381 0317 0488 -0113 0072 -0362 0047 -0599 -09
25. SCamp -0782 -0768 0384 -0113 0702 0862 0019 -0057 0235

26. InsSp -0316 0780 0071 0072 0702 -0083 0581 -0233 0014
27. "d-R -0136 -0192 0654 -0362 0862 -0083 -0045 0079 -0058
28. ICOUp 0098 -0039 -0149 0047 0019 0581 -0045 -0297 0132
29. 0I1-in 0425 -0259 0032 -0599 -0057 -0233 0079 -0297 0343
30. Won 0203 0269 0134 -0059 0235 0011. -o08 0132 0343

31. 00009d -0725 0029 -0016 0610-0198 -0363 0023 -002 0055 0194
32. eas 0053 -0100 -03143 -0056 0136 0008 0176 -0100 0512 -0089
33. RdCap 0016 0227 -0122 0159 -0046 0247 -0071 013 0056 0060
34. Voc 0207 0367 0047 -0086 -0673 0152 -0136 -0001 -0211 0210
35. DTRd -0078 0042 0 40 03314 0008 -0240 -0368 0162 -0364 0243

36. Sp&0-1 0190 43 -0085 -0006 -0087 0334 0190 -0378 0232 0012
37. CRd 0063 -0245 0293 -01455 0250 -4531 -0156 0169 043. -0178
-38. D ,T,, -0198 -=57 0581 0408 -0057 -0321 -0174 0124 0120 -0921
39. SpO-2 -0273 0099 -0200 0079 -0190 -424 0378 -0160 -0005 -0210
40. Nip 0025 00W57 0202 -0278 -0244 0233 0192 -0062 -0127 -01514



TALE C-5 (Contintd)

Residual Correlation Matrix Ra
(Decimal points omitted)

Test 31 32 33 34 35 36 37 38 39 40

1. Lin 0211 0015 -0235 0292 -0104 -0143 0108 -0496 -0326 0088
2. LSp-Vi 0146 -00O1 -0057 -0054 -0092 -0195 -0174 0243 0444 0093
3. PSy1-1 -0246 0088 0166 0478 0273 -0078 -0405 -0337 -0037 -0360
4. Con-NV 0441 0119 -0122 -0137 -0106 0400 -0307 0528 0222 -0012
5. 1Sp-Au 0289 -0293 0052 0170 0154 -0144 0288 0608 -0293 0139

6. N d-U -0162 -0417 -0109 -0219 0207 -0112 0262 o416 -0437 0210
7. RSyl 0474 -0105 0166 -0092 0088 -0720 0447 -0177 0006 0016
8. Ideas 0491 -0063 -0561 -0598 0124 0195 0354 -0349 -0238 -0061
9. Map-Rp 0230 0092 -0246 0212 -0078 0350 -0527 0188 0643 -0014

10. NSp-Vi 0169 0179 -0114 -0103 -0241 0331 -0127 -0255 0203 0062

11. Pict 0370 -0356 -0186 0034 0064 -,169 -0234 0363 0037 0292
12. Para 0036 -0090 0009 -0122 0081 -0055 0166 0484 0403 0009
13. NUS 0400 -0192 0300 -0153 -0094 0639 -0445 0965 0167 0285
14. Isp-Au 0121 0062 0104 -0220 0258 -0182 -0051 -0399 -0082 -0319
15. DsgRp 0273 -0697 -0121 0374 -0114 0120 -0002 0818 -0038 0811

16. Con-Tb 0022 0167 -0131 -0430 0146 0167 0033 -0069 -0163 -0313
17. RVId -0216 0515 -0012 -0244 0213 -0004 0139 0453 0044 -0728
18. PNum 0554 0117-0167 0184 -0162 -0055 0293 0208 0187 0045
19. Map-Vb 0310 0123 -0Ol -0197 0047 0162 -0141 -0363 0265 -0170
20. I/ap-Rc o314 -0496 oo15 -0234 o13o -o142 0131 0179 0126 0366

21. Sen~p -0725 0053 0016 0207 -0078 0190 0063 -0198 -0273 0025
22. PSyl-2 0029 -0100 0227 0367 0042 0143 -0245 -0057 0099 0057
23. RFig -OW16 -0343 -0122 0047 0140 -0085 0293 0581 -0200 0202
24. Rel 0610 -0056 0159 -0086 0334 -0006 -0455 0408 0079 -0278
25. SCamp -0198 0136 -0046 -0673 0008 -0087 0250 -0057 -0190 -0144

26. InsSp -0363 0008 0247 0152 -0240 0334 -0531 -0321 -0144 0233
27. PWd-R 0023 0176 -0071 -0136 -0368 0190 -0156 -0174 0378 0192
28. IComp -0042 -0100 0134 -0001 0162 -0378 0169 0124 -0160 -0062
29. MPrin 0055 0512 0056 -0211 -0364 0232 04?4 0120 -0005 -0147
30. RCon 0194 -0089 0060 0210 0243 0012 -0178 -0921 -0210 -0154

31. CCoord -4322 -0249 0002 -oo41 0135 -0,26 0677 0375 0363
32. AReas -0322 0152 -0077 0060 -0325 0081 -o7 0285 0815
33. RdComp -0249 0152 0453 0043 0097 -0243 -0120 -0032 -0196
34. Voc 0002 -0077 0653, -0021 0100 -0031 0132 -0046 0099
35. DTRd -0041 0060 0043 -021 0322 0128 -0031 -0363 0189

36. SpaO-I 0135 -0325 0097 0100 0322 -0310 0432 0690 0004
37. CRd -0426 0081 -0243 -031 0128 -0310 -0492 -0207 -0209
38. IRTime 0677 -0007 -0120 0132 -0031 0432 -0492 - -0033 0039
39. SpaO-2 0375 0285 -0032 -0046 -0363 0690 -0207 -0033 0078
40. NumOp 0363 0815 -0196 0099 0189 0004 -0209 0039 0078

o , 1 ..... ....... . .. . ., - - -"; - I . . . ll i .II _- 11



TABLE -6

Weight Matrix W

(All empty cells contain aero weights)

Test Factor
H, I, J K1

1. Lis

2. Lsp-Vi -l
3. PSy-1 -l
4. Con-NV 1
5. NSp-Au

6. Pwd-U
7. RSy1 -1
8. Ideas 1 1
9. Map-ap

10. NSp-Vi

11. Pict
12. Para -1
13. Nug
i. LSp-Au
15. DsgRp 1

16. Con-Vb 1 1
17.Red 1
18. PNa
19. Map-b
20. Map-Re

21. SenSp 1 -l
22. PSyl-2 -1
23. RFig 1
24k. Rol
25. SCOmp 1 1

26. InsSp -i
27. N~d-R 1
28. ICamp
29. MPrin
30. RCon

31. CCoord
32. AReas
33. RdC ip
34. Voc -1
35. DTRd

36. SpaO-1
37. CRd
38. IRTim1
39. SpaO-2
4a0. NuNOP

hO-w

:- .. L ...l J I _t I , I i .I, _ I I Jll~ i___



TABLZ C-7

Factor Matrix Fb

(Decimal points omitted)

Test Factor

H I J K

1. Ila 35 -06 01 -08
2. LSp-Vi -o4 00 -17 07
3. PSyl-I -10 -37 09 -05
4. Con-N 22 02 06 17
5. NSp-Au 02 01 03 10

6. Pid-U -04 09 31 12
7. RSyl -21 14 -06 0
8. Ideas 38 08 23 11
9. u ap-Rp 07 05 -08 21

10. Nsp-vi 03 00 -08 02

1. Pict 08 09 -12 24
12. Para -20 16 05 Ui
13. N= -15 03 08 32
14. LSp-Au -09 03 02 -02
15. DogRp 20 -05 --12 18

16. con-vb 24 15 -07 -16
17. RVd 02 33 23 -02
18. PRO -07 02 02 -01
19. Lap-Vb 09 11 -12 06
20. Map-Re -5 09 -10 28

21. SenSp 07 -04 19 -21
22. PSyl-2 -07 -14 -15 02
23. RFig 06 21 -06 09
24. Rol 10 -08 -02 28
25. SOamp 25 16 -11 -03

26. InsSp 11 -13 -33 -09
27. PFitd-R 05 25 -12 -04
28. ICamp 01 -09 -04 -03
29. MPrin 04 07 10 -09
30# RCon -08 02 -02 -04

31. CCoord 04 -00 -03 20
32. AReas -01 04 -0 -08
33. RdCamp -07 -05 -03 -02
3* .Voc -05 -16 00 00
35. DTRd -01 01 05 03

36. SpaO-1 07 -03 -01 06
37. CRd -01 08 07 -12
38. MRTime 00 03 01 20
39. SpaO-2 --06 02 -08 07
40. NumOp 02 -05 -% 05



i

TABLE C-8

Residual Cox lation Matrix Ra ER 1

(Decimal points amitted)

Test 1 2 3 4 5 6 7 8 9 10

1. Li 0000 -0196 0018 -0193 -0085 0122 0386 -0307 0176
2. LSP-1i 0000 -0157 04118 -0309 0175 -0161 -0151 0331k 0212
3. PSYl-1 -0196 -0157 -0339 -0025 0237 02h11 -0037 0080 0111
4. Coib-N 0018 "18 -0339 -0333 0578 -0262 -0088 0392 0177
5. NSP-Au -0193 -0309 -0025 -0333 -0130 -0055 -006 -0096 -0092

6. Nqd-U -0085 017$ 0237 0578 -0130 -0107 -0177 01k0 0032
7. wSyl 0122 -0161 0244 -0262 -0055 -0107 -0269 -0260 -006
8. Ideas 0386 -0151 -0037 -0088 -0064 -0177 -0269 0140 0292
9. Nap4tp -030? 031 0080 0392 -0096 0140 -0260 040 0183
10. U p-Vi 0176 0212 0111 0177 -0092 0032 -0064 0292 0183

11., Pet -0119 -0035 0285 -0045 -0080 0026 0133 0090 -0202 -008
12. Fra 0186 0251 0031 -0228 -0127 0153 -0288 -089 0161 0039
13., NO -0220 -0236 -0026 -0070 -0210 -0579 001 -013 0076 -0040
11t. Sp-Au 0286 -. 153 -0217 -0521 0296 0156 0165 -0249 0215 0108
15. D8lltp -0127 0028 0466 .4187 -0311 -0562 0262 -0268 0124 -039

16. Con-Tb -0236 -002? 03.17 0023 0059 -0151 -0021 0088 -0218 -0240
17. .rd -0278 00T -0623 -0152 -021t 0397 -0075 0000 0401 0370
18. Mn- 012 0160 -023S 016 -0117 0228 -005 -0101 03148 -0W9
19; lap-Tb oo86 -03O C284 0099 0112 -0621 0640 026 0220 0562
20. lap-e 0634 0M 0286 -027k -0183 -012 0107 091 -0205 -0199

21. Bet~p -0295 047y6 0283 02941-0939 -0150 0137 02112 -0555 -0301
22; ft1-1 -0006 0000 W -027 -0170 -0135 0218 0110 006 0022
2. via 010 0058 0218 04161 -0033 -057 0843 0057 0385 -0693

213 -020 -0185 -0127 O0t 0041 0553 0113 -0216 -0271 0025
25. SCmp 0318 -0211 0261 -0 0661 0112 -0038 0036 -0531 -0036

26. I, 0266 -062 o-01 = 0031 0197 -0368 0106 0065 0158
2?.,Nd-T -0223 00 -W0038 0122 -022 0078 -0172 -0007 -0086 0330
28. lCap 0373 -002 -0057 -03.30 002 0311 0312 -0266 -0331t -0190
29. Ufhi -01 8 -016 0195 -0116 -0031 -0319 -0.657 0288 0259 -0017
30. m . -0121 00 -0022 0174 -0150 0226 -006 -0288 0198 0102

31.' CCwd 02418 -00 OM09 0037 0091 -0275 0370 0212 -0215 0096
32. Aew 4= 018P 0260-0217 -039 -0111 0026 0238 0191
33. ROnmP -0033 -0117-0051 0085 0097 0014 0086 -0183 -0161 -0114
34- Too 0366 -069 -010 -01 0191 -0106 0023-0300 0312 008
35, Md -0045 -037 026o 10 0114 0018 0061 0021 -0099 -0207

36, Bpao-1 -0358 -(226 -0070 0156 -0212 -0105 -0590 -093 0188 0296
37. 034 0083 0V -0222 -037 0384 0098 055 0287 -0215 -"0015
38; Mms -0329 013 -0M23 60 0399 0109 -0370 -061 -0249 -0282
39. SPN-41 -0053 0213 008% 0171 -0327 -0329 -0238 0052 0471 0147
40. unOp 0015 -0 -454. -0100 0103 0331 0050 -0016 -039 0016



TABLE C-8 (Contnued)

Residual Co relation Itatrix Rb R1

(Decimal points omitted)

Test 11 12 13 114 15 16 17 18 -19 20

1, Lin -0119 0186 -0220 0286 -0127 -0236 -0278 0112 0086 0634
2 Lsp-vi -0035 0251 -0236 -0153 0028 -0027 o00 0160 -0341 0554
3, P1yl-1 0285 0031 -0026 -0217 0466 0117 -0623 -023$ 0281 0286
1; Coh-NV -004-5- -0228 -070 -0521 -0187 0023 -0452 0196 0099 -0274
5. Up-u -0080 -0127 -0210 0296 -0311 0059 -02L -0117 0112 -0183

6. Pwd-U 0026 0153 -0579 0156 -0562 -0151 0397 0228 -0621 -02A4
7! RSy1- 0133 -0288 0024 0165 0262 -0021 -0075-0075 0640 0107
8. Iibea 0090 -089 -0134 -0249 -0268 0088 0000 -0101 0264 049
9. ap4tp -0202 061 0076 022$ 0124 -0218 001 0348 0220 -0205

10. Op-Vi -0084 0039 -0040 0108 -0394 -0240 037Q-0439 0562 -0199

11. Plot 0049 0396 -0398 0305 0066 -0307 -0357-0997 0382
12. Para 0049 0124 -0065 -0378 0371' 00149 -0047-0086 -0453
13. 3m 0396 012 0062 0662 -0306 0155 -0060 0517 -0258
11t. p-Au -0396 -0065 0062 01 -01(3 -0259 0045 -0201 0294
15. MOtp 0305 -0378 0662 o04Wi 0376 0912 0083 -0363 -375

16. Con,..!b 0066 0371 -0306 -0173 0376 0035 -0400 04U 0025
17. Rd -0307 0049 0155 -0259 0912 0035 0137 -0256 0014
18. Ill. -0357 -0047 -0060 0045 0083 -0100 0137 0196 -0049
19. Map-Vb -O997 -006 0517 -0201 -0363 014 -0256 0196 0165
20. Up-Re 0382 -0153 -0258 029k -1375 0025 0041 -0049 0165

21. SenSp 0662 -53 05143 0049 0276 0320 0120 0352 -0328 -0385
22. lMyl-2 0158 -4258 -0025 0023 0118 01468 0555 0302 001W4 .0181
23. Wig 0735 -0 -0606 0238 -0023 -0135 0104 0367 -0237 -0500
24k. Be 0000 -033 0325 0061 080 0324.-033 -0346 0359 0111
25. Scomp -0115 -0068 0205 0311 -00147 o0o9 -02143 -0011 0059 0349

26. InSp 0348 0068 02146-0173 0182 -0149 0007 0155 -04" -03147
27! Pdt-R 0012 0213 0460 -0302 -0106 -0050 -0294 -0029 0062 -00514
28. ICmp 0398 -0396 -0161 0089 -0017 -0137 -0027 -0240 -0267 -0120
29! Erin -0040 0158 -031 -.0011 0015 -0004 0023 0268 -0415 -0033
30. Won -0297 0285 01478 -0258 0118 -01 0107 -0625 0535 0281

31; CCord -0176 -0102 -0159 0101 -0203 0230 -0094 0599 0117 -0263
32. AReas -0204 -0071 0039 0034 '-0532 0003 0385 010M 0128 -0321
33. RdCpmp -001 -0016 0292 0060 -0012 0053 0214 -0201 0090 0043
34. voo 0196 0025 -0199 -0216 0379 -0080 0277 0178 0018 -0131
35. Dh d 0053 -0007 -0240 02..1 -0082 0236 0090 -0178 0087 0085

36. 8p80-1 -0351 00W59 0621 -0103 -0146 0122 0097 0001 0082 -0253
37. CR4 0081 011 -0o10 -0116 0372 -0212 -0332 0250 064 01470
38. DRT.M -0133 0201 0306 -0376 0483 0198 0357 0217 0509 -0401
39, SpaO-2 -0181 0225 -0070 -0111 -0127 -000 0171 0166 0162 -0182
40. N Op 02.51 0079 0201 -0276 0614 -0238 -0475 0076 0215 0236



TABLE C-8 (Continued)

Residual Correlation Matrix %a R

, (Decimal p:oints, aitted)

Test 21 22 23 24 25 26 27 28 29 30

1, Lin -0295 -0006 0202 -0202 0338 -0266 -0223 0373 -0158 -0424
2. 4Spi 0476 0000 0058 -0185 -0211 -0082 0099 -0022 -0016 0052
3. PSyl-1 0283 01 0228 -0127 0264 -0424 -0038 -0057 0195 -0022
14. Con-NT 0294 -0227 01462 0094 -0516 011 0222 -0130 -0464 0474
5. NSp-Au -0039 -0170 -0033 0041 0661 0031 -0242 0042 -0031 -0150

6. PFd-U -0150 -0135 -0457 0553 0442 0197 0078 0313. -0319 0226
7. RSy1 0137 0218 0843 013 -0038 -0368 -0172 0312 -0657 -0064
8. Ideas' 0242 0110 0057 -0216 0036 -0106 -0007 -0266 0288 -0288
9. Xap-Rp -0555 0046 0385 -0271 -0531 0065 -0086 -0314 0259 0198

10. ADp-Ti -0301 0022 -0693 0025 -0036 0158 0330 -0190 -0017 0102

3.1. Pot 0662 0158 0735 0000 -0115 0348 0012 0398 -000 -0297
12. Para -0053 -0258 -01420 -0033 -0068 0068 0213 -0396 03S8 0285
13. u 05143 -0025 -0606 0325 0205 02146 0460 -0161 -0313 0478
14. rLp-A 0049 0023 0238 0061 0311 -0173 -0302 0089 -0014 -0258

15. DsgRp 0276 0148 -0023 0280 -0047 0182 -03.06 -0017 0015 0118

6. Con-Vb 0320 0468 -0135 o2 0009 -0149 -0050 -0137 -0004 -o14k
17. Rd 0120 0555 0101 -0433 -0243 0007 -0294 -0027 0023 0107
18. F rn 0352 0302 0367 -0346 -001 0155 -0029 -0240 0268 -0625
19. Wkp-Yb -0128 0044 -0237 0359 0059 -0444 0062 -0267 -0415 0535
20. Nap-RC -0385 -0181 0500 011 0149 -0347 -00w54 -0120 -0033 0281

21. Senp 0111 0452 0148 -0752 -0012 0085 0066 0062 0237
22. PSyl-2 0111 -0065 0182 -0534 0202 0020 -0208 0018 0222
23. Mg 01452 -0065 0329 -0140 0163 0077 00314 0000 0153
24,. R. 014 0182 0329 -0169 0055 -0135 0047 -0320 0133
25. Scmp -0752 -0534 -0240 -0169 0228 0204 0093 -0176 03514

26. hnaSp -0012 0202 0163 0055 0228 -0257 0314 0052 0008
27. P11- 0085 0020 0077 -0135 0204 -0257 0112 -020 -0124
28. ICup 0066 -0208 0034 0047 093 03114 0112 -0230 0136
29, ENPin 0062 0018 0000 -0320 -0176 0052 -0020 -0230 0348
30. RCM 0237 0222 0153 0133 0354 0008 -012 0136 0348

31. ccoord -0264 -0041 -0230 0006 -0256 -0329 0051 -0001 o249 0290
32. AReas -0081 -0014 -0352 0195 0061 -0025 0049 -0091 0426 -0133
33. Rdomp 0063 Q-078 0016 0232 0160 0147 0032 0081 01M24 0004
34. Voc 0184 014 0396 -01714 -0305 0010 0271 -0133 -085 0212
35. DTR -0095 0108 0132 0282 0085 -0039 -0314 0195 -0385 0255

36. Sp O-1 0263 0131 -0130 -0255 -0212 0258 0235 -0390 0280 0092
37. CMd -0295 0001 0274 -0021 0182 -0284 -0319 0235 020k -0232
38. mU'aM 02114 -0028 034i0 -0129 -0036 -0051 -0162 0216 0258 -0847
39. S &O-2 0061 -0032 -0310 -0053 -0248 -0249 0286 -OiB 0131 -0252
40. NWP 0177 -0067 0219 -01476 -01146 0063 0265 -0104 -0041 -0122



TABLE C-8 (Continued)

Residual Correlation Matrix R

(Decimal points omitted)

Test 31 32 33 34 35 36 37 38 39 40

1. Lin 0248 -0000 -0033 0366 -0045 -0358 0083 -0329 -0053 0045
2. LSp-Vi -0051 0046 -0117 -0069 -0037 -0226 0041 0115 0243 -0009
3. PSy1-I -0092 0189 -0058 -0150 0264 -0070 -0222 -0123 0085 -0454
4. Con-NV 0037 0260 0085 -0011 -0160 0156 -0137 0160 0271 -0100
5. NSp-Au 0091 -0217 0097 0191 0114 -0212 0384 0399 -0327 0103

6. PWd-U -0275 -0349 0014 -0106 0018 -0105 0098 0109 -0322 0331
7. RSyl 0370 -0111 0086 0023 0061 -0590 0455 -0370 -0238 0050
8. Ideas 0212 0026 -0183 -0300 0021 -0093 0287 -0644 0052 -0046
9. Map-Rp -0245 0238 -0161 0312 -0099 0188 -0245 -0249 0471 -0139

10. Nsp-vi 0096 0191 -0114 -0088 -0207 C296 -0045 -0282 0147 0016

11. Piot -0176 -0204 -0081 0196 0053 -0351 0081 -0133 -0181 0151
12' Para -0102 -0071 -0016 0025 -0007 0059 0119 0201 0225 0079
13. Nun -0159 0039 0292 -0199 -0240 0621 -0150 0306 -0070 0201
14. L3p-Au 0191 0034 0060 -0216 0241 -0103 -0116 -0376 -0111 -0276
15. DsgRp -0203 -0532 -0012 0379 -0082 -0146 0372 0483 -0127 0614

16. Con-Tb 0230 0003 0053 -0080 0236 0122 -0212 0198 -0008 -0238
17. RWd -0094 0385 0214 0277 0090 0097 -0332 0357 0171 -0475
18. P u 0599 0102 -0201 0178 -0178 0001 0250 0217 0166 0076
19. Map-Vb 0117 0128 0090 0018 0087 0082 -0064 -0509 0162 -0215
20. Map-Re -0263 -0321 0043 -0131 0085 -0253 0470 -0401 -0182 0236

21. SenSp -0264 -0081 0063 0184 -0095 0263 -0295 0214 0061 0177
22. PSyl-2 -00o14 -0041 0078 0114 0108 0131 0001 -0028 -0032 -0067
23. RFig -0230 -0352 0016 0396 0132 -0130 0274 0340 -0310 0219
24. Rel 0006 0195 0232 -0174 0282 -0255 -0021 -0129 -0053 -0476
25. SComp -0256 0061 0160 -0305 0085 -0212 0182 -0036 -0148 -0146

26. InsSp -0329 -0025 0147 0010 -0039 0258 -0284 -0051 -0249 0063
27. Nd-a 0051 0049 0032 0271 -0314 0235 -0319 -0162 0286 0265
28. ICmp -0001 -0091 0081 -0133 0195 -0390 0235 0216 -0148 -0104
29. Irin 0249 0426 0124 -0085 -0385 0280 0204 0258 0131 -0041
30. RCon 0290 -0133 0004 0212 0255 0092 -0232 -0847 -0252 -0122

31. CCoord -0165 -0200 0005 -0078 -009 -0148 0276 0237 0243
32. Afteas -0165 0151 -018 0080 -0267 -043 0137 0321 0869

< 33; RdComp -0200 0151 0350 0058 0141 -0211 -0063 -0070 -0209
34' Voc 0005 -0018 0350 -0016 0090 0102 0175 -0043 0033
35. DTRd -0078 0080 0058 -0016 0318 0121 -0097 -0354 0200

36. SpaO-i -0009 -0267 0141 0090 0318 -0206 0323 0690 -0051
37. CRd -0148 -0043 -0211 0102 0121 -0206 -0281 -0093 -0078
38. DRTiae 0276 0137 -0063 0175 -0097 0323 -0281 -0161 -0040
39. SpaO-2 0237 0321 -0070 -0043 -0354 0690 -0093 -0161 --n033
40. NimOp 0243 0869 -0209 0033 0200 -0051 -0078 -0040 0033



TABI.B C-9

Complete Factor Matrix F1

(Decimal points omitted)

Test Factor

2

it Lin 70 -06 -09 -06 0901 10 35 -06 01 -08 67
2-IWp-Yi 33 04 08 -10 25 59 00 -0400 -17 07 57
3PSyl-1 29 04-02 -170o423 50 -10 -37 09-0 58
4. Con,-N 33 09 08 -12-10 05 05 22 02061723
5. NSp-Au 2414 3J-0 06 21 65 -01 02 010310 56

6.Pwd-u 27 -10-06 100619 55-04 09 31 12 56
7. RSyl 36 -02 01 -00-03 01 24 -21 21 .06 08 26
8 Ideas 48 -13 -02 -07 09 014 08 38 08 23 11 148
9. ap-Rp 22 21 25 -04 -13 02 30 0? 05.-08 21 33

10. NSp-VI 27 20 -0* -06 07 62 07 03 00 -08 02 52

11. Fit 31 13 10-0 11 10 16 08 ,  09-122 . 26
12., Para 5 02 -02 -08 -16 -00 08 -20 16 05 11 42
13' Ium 16 24-03 01-17 18 27 -1503 08 32 35
1. LSp-Au 3807 05-05 26 62 05-09 03 02 -0261
15. DgRp 20 15 32 35 -28 23 1 20-05 12 18 53

16' Con-Vb 41 00 -10 -07 07 01 26 24 15 -07 -16 36
17. Wd 11 15 -09 -13 07 11 46 02 33 23 -02 45
18. PUM 23 07 01 -07 -02 20 63 -07 02 02 -01 50
19. Map-Vb 11 06 ]12 02 -04 14 22 09 11 -12 06 14
20. Map-Ro 27 10 32 17 -25 16 22 -05 09 -10 28 45

21. Sensp 50 -05 -01 01 -02 34 -12 07 -04 9 -21 147
22. ]Nyl-2 35 07 09 -12 -12 29 46 -07 -14 -15 02 51
23. Rrig 29 -0141117 -1707 28 0621 -0609 30
24. el 30 38 10 12 -12 08 12 10 -08 -02 28 38
25. SCmp 4 103 00-12 -W -03 49 2516 -11 -03 56

26. IsSp 12 07 05 -07 -01 32 -03 1 -13 -33 -09 28
27. PWd-R 30 050 1 -08 04 07 59 05 25 -12 -04 54
28. IComp 28 27 39 20 09 01 05 01 -09 -% -03 36
29. NPrn 30 19 23 51 16 -04 -05 04 07 10 -09 48
30. RCon -0704 O 10 22 55 01 -03 -08 02 -02 --04 38

31. CCoord 14 26 29 19 38 020 2 04 - -03 20 40
32. ARa 54 44 -10 37 -03 03 -01-01 04 -0 -0864
33. RdComp 714 3 07 25 03 -04 -09 -07 -05 -03 -02 64
34. Voc 80 -07 05 -11 01 03 -10 -05 -16 00 00 70

* 35. DTRd 29 65 27 -12 03 -01 -01 -01 01 05 03 60

36. SpaO-l 17 29 56 -23 02 04 -01 07 -03 -01 06 49
37. CRd 24 60 36 -03 -06 -02 -02 -01 08 07 -12 58

- 38. RTim 25 34 21 -08 25 -01 09 00 03 01 20 314
39. Sp@O-2 28 27 48 17 -08 -01-01 -06 02 -08 07 43
40. NUSp 35 64 -17 -25-00 -01 02 02 -05-04 1 05 63



TABLE C-10

Factor Matrix F2

(Decizal points omitted)

Test Factor

2  2  C2  D2  E2  F2  G2 H2  12 J2  K2 2

1. Lin 64-36 -07-00 03 -25 -13 20-08-03-0068
2. LSp-Vi 47-05 04 -13 35 39-15-05 09-U1-O 56
3. PSyl- 143 -15 -08 -23 00 19 23 -17 -142 10 06 58
4. Con-NV 36 -01 05-12 -10 -.06 -07 17 03 07 16 23
5-NSp-Au 42 03-08 0238 44-U 0506 04 0555

6. Pld-U 41 -24 -09 -04 03 12 47 -08 01 27 08 56
7.RSy1 37-10 00 01 -13 01 15-22 0 - 11-03 26
8. Ideas 146 -29 01 -02 03 -17 -02 33 09 23 09 50
9 p-Rp 39 18 18 -16 -20 05 19 04 05 00 U 34

10. p-Vi 46 04-15-13 25 4-10 08 05-04-02 53

U. Ptct 143 05 06 -07 .-00 04 05 05 03 -08 -19 25'
12. Para 49 -11 -10 -04 -15 -13 -04 -26 19 01 07 141
13ium 32 18-10-08-20 23 16-U 0 405 2334
14. LSp-Au 52 -07 -02 -01 35 43 -10 -08 07 05 05 61
15. Dgip 39 20 28 13 -26 27 02 19 -10 -01 -02 47

16. Con-Vb 43 -21 -10 -07 02 -15 1 2 21 04 -10 -13 35
17. RWd 29 -02 -18 -12 -00 07 4401 26 18 10 43
18 PNVR 44-09 -05 -21 -09 19 44-08 -05 05 U 50
19: Nap-b 2403 08-07 -071315 08 04 -3.1-0 13
20. ap-Re 42 13 27 -01-21 16 11 -05 10 -05-14 38

21. SenSp 47 -23 -05 07 13 U.1-30 -02 -W 22114147
22. PSy1-2 53 -06-01-26-092520-10-21-09-09 53
23. ,Fig 39 -09 1903-200418 0513 -07 - 30
241.Ro1 45 28 03 3U -22 12 01 08 -07 03 21 41
25. SCrap 53 -18 -07 -15 -06-13 36 20 01 -16 -07 56

26. InsSp 20 03 02 -12 07 27 -20 12 -12 -27 -10 29
27. PNd-R 47 -12 -05 -18 -07 O 45 02 12 -17 -07 53
28. IComp 39 29 25 1509 -07 01 -01 -12-04-09 36
29. Nrin 33 18 2 52 13 -10 403- 08 15 53
30. RCon -02 11 1325147-03 15-06-0-07-03 35

31. CCoord 28 33 20 14 37 -10 13 02 -,O -05 -20 45
32. AReas 58 25 -27 142 -08 -08 -07 -00 -02 -04 -11 68
33..idComp 65 -05 06 34 -04 -18 -22 -16 -03 -% -01 66
3i4. Vt 66-24 02-01 04-22-33-18-09-03-03 70
35. DTRd 46 59 -08 -14 05 -17 -07 -02-02 06 05 63

36. SpaO-1 32 40 32 -33 06 -1 -11  01 01 08 07 51
37. CRd 140 55 06 -01 -07 -12 -0 00 09 10 21 55
38. DRTime 38 32 04 -08 16-11 08 -0202 06 15 32
39. SpaO-2 38 36 38 06 -11 -06 -07 -06 04-01-06 45
40. NumOp 145 40 -46 -1 -05 -13 -1 02 -O0 .-07 -05 63



TABLE C-1

Factor Matrix F3

Final Unrotated Orthogonal Factor Matrix

(Decimal points omitted)

Teat Factor

A3 B3 C3  D)3 "3 F3 03 H3  I3 J3  '3  hi

I' Ida 587 -380 003 184 -033 -326 -160- 179 -098 -034 -105 709
2. Lsp-Vi 484 -089 015 -087 477 203 -163 -033 120 -106 -130 589
3. PSy i- 451 -238 -096 -254 037 106 095 -215 -430 - 137 -146 628
4' Con-NV 359 -019 o44 -084 -090 -121 -136 155 064 091 104 227
5. NSP-Au 443 -030 -097 042 483 299 -063 082 070 048 118 563

6. PWd-U 424 -335 -042 -100 -030 114 411 -094 019 264 162 591
7. RSyl 369 -135 029 -012 -164 045 094 -221 081 -147 -214 316
8. Ideas 423 -315 077 084 -015 -263 -034 306 102 246 -173 555
9. Map-Rp 429 153 133 -257 -191 039 082 044 062 016 002 342

1o. Nsp-Vi 486 -050 -184 -I12 377 295 -129 Ill 070 -037 -008 548

U. Pict 439 022 054 -082 001 -006 000 049 030 -080 -162 239
12. Para 462 -139 -080 052 -189 -105 -084:-258 231 -012 176 446
13 Nun 361 106 -131 -171 -171 275 071 -090 077 067 175 347
14. LSp-Au 534 -129 -038 019 473 267 -075 -066 086 035 -125 632
15. DagRp 419 208 275 -021 -170 302 -067 190 -102 032 232 521

16. Con-Vb 411 -266 -059 013 -046 -200 086 189 -020 -109 -042 342
17. RWd 319 -134 -191 -182 -055 028 402 027 231 149 -177 462
18. PN, 475 -198 -054 -309 -090 137 307 -088 -073 043 079 505
19. Map-Vb 263 -002 082 -143 -041 099 092 103 037 -122 180 175
20. Map-Rc 443 127 244 -121 -168 174 021 -030 106 -035 -177 391

21. Sensp 436 -241 -015 206 182 029 -294-029 020 227 094 473
22. PSyl-2 559 -156 -017 -320 -036 185 021 -114 -222 -058 -079 548
23. RFig 396 -101 230 -037 -223 081 095 057 105 -054 130 321
24. Rel 475 259 003 028 -194 171 -038 105 -076 052 -9C 391
25. SComp 534 -267 -038 -146 -156 -169 251 193 -047 -177 119 580

26. InsSp 211 008 002 -110 191 171 -260 139 -145 -243 044 292
27. N-R 496 -221 -037 -245 -127 -029 341 021 068 -202 004 536
28. IComp 400 320 210 128 059 -054 048 -027 -150 -028 -137 374
29. UPrin 324 246 273 498 043 -009 191 033 -027 090 -122 550
30. RCon -008 141 131 226 383 -043 304 -068 -032 -102 138 364

31. Coord 305 351 172 122 293 -121 254 021 -046 -055 072 436
32. AReas 571 206 -246 489 -163 062 010 037 -038 -056 130 721
33. Rd;omp 604 -014 113 456 -102 -101 -169 -178 -029 -070 066 677
34. Voc 606 -221 058 198 015 -271 -354 -237 -043 -026 142 737
35. DTRd 488 545 -220 -060 014 -208 -046 -026 -026 064 007 639

36. SpaO-1 351 425 183 -310 107 -245 -144 -024 029 100 245 597
37. CRd 427 527 -057 010 -081 -118 -033 011 064 085 -109 509
38. DRTiUm 404 288 -038 -053 109 -158 109 -041 025 045 093 312
39. SpaO-2 405 414 311 010 -099 -041 -075 -077 054 -009 -221 507
40. Nueop 462 293 -548 003 -086 -141-119 036 -038 -081 -094 659



TAB3LE C-12

Final Residual Correlation Uatrix R3

(Decimal points omitted)

Test 1 2 3 4 5 6 7 8 9 10

1. Lin -0124 -0250 0109 -0057 0128 0040 0023 -0141 0166
2. LSp-Vi -0124 -0151 0523 -0137 0307 -0460 -0263 0193 0022
3. PSyl-1 -0250 -0151 -0101 0213 0173 -0245 -0106 0129 0297
4. Con-NV 0109 0523 -0101 -0327 0540 0031 0077 0399 0142
5. ?Wp-Au -0057 -0137 0213 -0327 -0162 0302 0265 -0096 -0180

6. PWd-U 0128 0307 0173 0540 -0162 0289 0121 0035 0006
7. RSyl 0040 -.0460 -0245 0031 0302 0289 -0352 -0330 -0045
8. Ideas 0023 -0263 -0106 0077 0265 0121 -0352 0379 0161
9. Map-Rp -01141 0193 0129 0399 -0096 0035 -0330 0379 0104

10. NSp-V 0166 0022 0297 0142 -0180 0006 -0045 0161 0104

11. Pict -0395 -0074 -0181 0245 0297 0414 -0188 0049 -0104 -0199
12. Para 0162 0298 0333 -0268 -028 -0100 0162 0341 0203 0095
13. Nma 0132 -0091 0229 0025 -0173 -0540 0372 0579 -0039 -0106
14. LSp-Au 0253 -0391 -0306 -0405 0370 0242 -0043 -0338 0040 -0058
15. DagRp 0180 0292 0263 -0383 -0356 -0622 0528 0097 0002 -0267

16. Con-Vb -0154 -0063 0042 -0138 -0026 -0234 -0123 -0319 -0249 -0267
17. RM -0259 -0366 -0681 -0332 -0087 0306 -0470 -0501 0109 0283
18. Pw 0238 0257 -0089 -0060 -0172 -0154 -0051 -0172 0115 -0345
19. Map-Yb 0255 -0105 0474 -0109 0012 -0840 0859 0595 0114 0573
20. Map-Rc 0177 0187 -0129 0031 0295 0498 -0279 OJIt -0132 -0095

21. SenSp -0289 0273 0252 -0016 -0325 -085 0297 0090 -0816 -0311
22. PByl-2 -0143 -0120 -W75 -0181 -0103 -0241 -015 -0006 -0008 0034
23. RFig -0006 0086 0144 0143 0035 -0421 0979 -000 0125 -0539
21. Rol -0094 -0206 -0387 0508 0289 0856 -0175 -0131 -0201 0019
25. SCOmp 0390 -0086 0392 -0542 0278 0025 0151 0166 -0353 -0208

26. InsSp -0197 0029 -0347 -0067 -0135 0185 -0383 -0319 0079 0078
27. PWd-R -0335 0058 0028 0036 -0236 -0032 -0373 -0122 -0214 0314
28. ICasp 0190 -0244 -0329 -0048 0118 0664 -018 -0506 -0257 -0114
29. NPrin -0239 -0228 -0065 -0458 0016 0004 -0890 -0169 0171 0201
30. RCon -0120 0344 0235 0270 -0412 -024 0223 0224 0192 -0017

31. CCoord 0378 0086 -0056 0199 -024 -0313 0660 0635 -014 -003
32. AReas 0069 0324 0367 0107 -0442 -0478 0025 0153 0341 0297
33. RdC wp -0146 -0093 -0078 0044 0028 0065 0052 0076 -0102 0044
34. Voc 0243 0034 0048 -0089 0050 -0281 0279 0177 0396 -0036
35. DTRd -026 -0067 0223 -0201 -0015 -0175 0232 -C3% -029 -0253

36. SpaO-1 0021 -0055 0360 -0296 -0537 -0526 0123 0280 -019 0259
37. CRd -018 -0230 -0121 -0330 0372 0042 0188 -0324 -0480 0082
38. WTim -00145 O41O -0013 0231 0301 -0171 0033 -0192 -0105 -O024

* 39. SpaO-2 -0313 -0170 -0194 0239 0052 0257 -0752 -0173 0175 0310
40. Nemup 0014 0029 -0249 0206 0059 0264 -0144 -0038 0186 -0128



TAM1 C-It (Contiuusd)

Final Residual Col.mlation matrix R3

(Decial points aitted)

Toat 11 12 13 24 15 16 17 18 19 20

1. Lin -0395 062 0132 0253 0180 -0454 -0259 0238 0255 0177
2. LSp-VT -0074 o298 -0091 -0391 0292 -0063 -0366 0257 -0105 0187
3. PSY1-1 -0181 0333 0229 -0306 0263 00.2 -0681 -0089 0k75 -0129
. Con-Nr 02115 -0268 0025 -0,, -0383 -0138 -0332 -0060 -0109 0031

5. NSp-Au 0297 -0248 -0173 0370 -0356 -0026 -0067 -0172 0012 0295

6. PNd-U 014 -0100 -040 0242 -0622 -0234 0306 -015 --080 01.98
7. RSy1 -0188 0162 0372 -0043 0528 -0123 -0470 -0051 0859 -0279
8. Ideas 0049 0341 0579 -0338 0097 --0319 -0501 -0172 0595 011.
9. Rap-4p -0104 0203 -0039 0040 0002 -02149 0109 0115 o11 -0132

10. mSp-VS. -0199 0095 -0106 -0058 -0267 -0267 0283 -0315 0573 -0095

11. Plot 0351 0876 -0588 0456 -0153 -0536 -0415 -0724 0112
12. Para 0351 0055 01% -01197 0369 0071 -0319 -0102 0171
13. R= 0876 0055 0108 0021 -029 0225 -01 0017 0357
14. IS -. u -0588 0156 0108 04116 -0053 -0406 0182 0018 -0133
15. Dsg- 0156 -0497 0021 0416 0361 0936 -0327 -0668 -0206

16. Con-Vb .-0153 0369 -01429 -0053 0361 0321 -0228 0183 -0398
17. Rld -0536 0071 0225 -0406 0936 0321 0260 0067 -0728
18. Mm -0115 -0319 -1 0182 -0327 -0228 0260 -0007 -0041
19, Map-Yb -0724 -0402 0017 0048 -0668 0148 0067 -0007 05641
20. map-Re 012 0174 0357 -0133 -0206 -0398 -0728 -00 056

21. SnSp 0238 -0368 -0002 0048 0005 061 0419 0301 -0136 -016
22. PSyl-2 -02149 0026 -0136 -0257 0189 0457 0406 0278 0122 -0168
23. RMig 07119 -0572 -0870 0338 -0109 -0131 0325 018 -0182 -0043
24. Rol 0066 0121 0639 -0287 0167 0113 -0792 -0502 O46 0152
25. SComp 0088 -0142 -0113 0486 -0221 0063 0063 -0128 -0232 0350

26. InASp 0172 0106 -0266 -0108 -0006 0021 0327 0333 -0563 -0313
27. PWd-R -0039 -0055 -0172 -0139 -0119 0125 -0087 0066 -0024 -026
28. ICosp -0006 -0048 -0055 -0080 0103 -0258 -0190 -0051 0022 -0183
29. Prin -0389 0491 -014 -0311 0419 0100 -0222 049 -0064 -0203
30. RCon 0327 -0221 0271 -0070 -0392 0019 0351 -0724 0239 0100

31. CCoord 0499 -0122 0244 01.1 -0080 -0145 -02419 0353 -0004 0111
32. Ae" -0231 -0373 -048 0158 -076 010 01489 0137 -0080 0090
33. RdaCp -0110 -0181 0184 0050 -0191 0076 02541 -0280 -0070 0138
31. Voc 0287 -0301 -0258 0019 -0004 -0201 01460 -0053 -0303 0022
35. DTRd 0031 -0122 -022 0420 -0193 0219 0268 -0235 0162 0183

i 36. SpsO-1 -0050 -016 -0121 0405 -0693 028 0626 -0274 -0231 0184
37. CRd -0523 0085 -0585 -0015 0259 0007 -0202 0465 0172 0002
38. RTim 0596 -0029 0315 -0181 0083 0120 0385 -0072 -0633 -0229
39. Sp O-2 -0804 0617 0010 -0327 0155 -0076 -0339 0303 0557 -4W5
10. Iuoip 061 0065 037 -0242 0370 -03311 -.0166 0228 -0118 -0096

iI M101. poll



" .TABLE C-12 (Continsd)

Final Reidual Correlation Matrix R3

(Dec ial. points omitted)

That 21 22 23 2) 25 26 27,, 28 29 30

1. LIA -0289 -0143 -0006 -0094 0390 -0197 -0335 0190 -0239 -0120
2. IWp-ft 0273 -0120 0086 -0206 -0086 O029 0058 -0244 -0228 o0ui
3, PSyl-1 0252 -0075 014 -0387 0392 -0347 0028 -0329 -0065 0235
4. con-M _016 -0181 0143 0508 -0542 -0067 0036 -0048 -058 0270
5. WSp-Au -0325 -0103 0035 0289 0278 -0135 -0236 0118 0016 -0%12

6. Pwd-U -0&85 -0241 -0421 0856 0025 0185 -032 0664 0004 -0024
7. RSy1 0297 -0115 0979 -0175 0151 -0383 -0373 -0018 -0890 0223
8. Idea 0090 -0006 -0000 -0131 0166 -0319 -0122 -0506 -0169 0224
9. mlaptp -0616 -0006 0125 -0201 -0353 0079 -0214 -0257 0171 0192
10. sp-vi -031 o034 -0539 0019 -0208 0078 0311 -oIU 0201 -0017

1. Pict 0238 -0249 07149 0066 0088 0172 -0039 -0006 -0389 0327
12. Part -0368 0026 -0572 0421 -0142 0106 -0055 -0048 0494 -0221
13. Nvk -00o2 -0136 -0870 0639 -0113 -0266 0172 -0055 -o14 0271
14. LSp-Au 0048 -0157 0336 -0287 0486 -0108 -0139 -0080 -0311 -0070
15. Dsgf p 0005 0189 -0109 0167 -0221 -0006 -0119 01403 01419 -0392

16. Con-Vb 0651 0457 -0131 013 0063 0021 0125 -0258 0100 0049
17. RId 0449 01406 0325 -0792 0063 0327 -0087 -0190 -M222 0351
18. PH= 0301 0278 018h -0502 -0128 0333 0066 -0051 0494 -0724
19. lap-Vb -0136 0122 -01a8 2 0416 -0232 -0563 -=0024 0022 -0064 0239

• 20. Iap-te -o46 -0168 -0043 0152 0350 -0313 -0264 -0183 -0203 0100

21. SenSp 0108 0326 -0219 -0530 014&8 0375; 0396 0352 0059
22. PSyl-2 0108 -0009 -0117 -0428 0240 0006 -&90 0134 0202
23. RFig 0326 -0009 0194 -0297 0084 057 0203 0245 -0157
24. Rel -0219 -0117 o194 -00114 -0206 -0262 -0282 -0838 03144
25. SCosp -0530 -0428 -0297 -00114 024 0110 0265 0052 -0129

26. InsSp 01148 02140 0084 -0206 0244 -0112 0382 0353 -0055
27. Pffd-R 0375 0006 0057 -0262 0210 -0112 0213 0336 -0103
28. IComp 0396 -0290 0203 -0282 0265 0382 0213 -0536 0123
29. Mrin 0352 0134 0245 -0838 0052 0353 0336 -0536 0211
30. RCon 0059 0202 -0157 0344 -0129 -0055 -0103 0123 0211

31. CCoord -0567 -0062 -0309 0638 -0727 -0172 -0211 -0274 -0236 -"0010
32. AReas -08 0192 -0315 -096 -0238 0020 0136 0109 0644 -0301
33. RdCcmp -0180 0114 -0304 0180 0198 0163 -0033 0107 0049 -0014
314. Voc -240 0136 -0159 0191 -0346 -0042 -0018 -0021 014 0022
35. DTRd 0014 0027 0245 0375 0136 -0031 -0275 0257 -0224 0241

* 36. Spa-1 0155 0326 -0515 0003 -0087 0264 0326 0092 0687 -0248
37. CRd 0261 0059 0288 -0594 0569 -0001 -0051 0387 0181 -089
38. DRTime -0282 -0106 0119 0357 -0116 -0118 -0221 0237 0125 -0668

, 39. Sp&O-2 0402 -0109r-.0160 -0552 0350 -0051 0320 -0316 -0108 0017
40. NOp 0165 -154 0239 -0312 -0127 -0008 01142 -0347 -01143 0160



TABLE C-12 (Continued)

Final Residual Correlation Matrix R3

(Dec!mal points omitted)

Teat 31 32 33 34 35 36 37 38 39 40

1. LIz 0378 0069 -0146 0243 -0026 0021 -018 -0045 -0313 0014
2. LSp-Vi 0086 0324 -0093 0034 -0067 -0055 -0230 0410 -0170 0029
3. PSy1-1 -0056 0367 -0078 0048 0223 0360 -0121 -0013 -0194 -0249
4. Con-NV 0199 0107 0044 -0089 -0201 -0296 -0330 0231 0239 0206
5. NSp-Au -0024 -0442 0028 0050 -0015 -0537 0372 0301 0052 0059

6. Pd-U -0313 -0478 0065 -0281 -0175 -0526 0042 -0171 0257 0264I 7. RSyl 0660 0025 0052 0279 0232 0123 o188 0033 -0752 -O14
8. Ideas 0635 0153 0076 0177 -0006 0280 -0324 -0192 -0473 -0038
9. Map-Rp -0014 0341 -0102 0396 -0029 -0019 -0480 -0105 0175 0186
10. NSp-VI -0023 0297 0044 -0036 -0253 0259 0082 -0424 0310 -0128

11. Pict 0499 -0231 -0140 0287 0034 -0050 -0523 0596 -0804 0161
12. Para -0122 -0373 -0181 -0301 -0122 -0464 0085 -0029 0617 0065
13. N 02 -0448 0184 -0258 -0422 -0124 -0585 0315 0010 0347
14. LSp-Au 0141 0158 0050 0019 0420 0405 -0015 -0181 -0327 -0242
15. DsgRp -0080 -0746 -0191 -0004 -0193 -0693 0259 0083 0455 0370

16. Con-Vb -0145 0110 0076 -0201 0219 084 0007 0120 -0076 -0334
17. RWd -0249 0489 0254 0460 0968 0626 -0202 0385 -0339 -0466
18. PuNm 0353 0137 -0280 -0053 -0235 -0274 0465 -0072 0303 0228
19. Map-Vb -0004 -0080 -0070 -0303 0162 -0231 0172 -0633 0557 -0148
20. Map-Rc 0111 0090 0138 0022 0183 0184 0002 -0229 --0445 -0096

21. SenSp -0567 -0028 -0180 -0240 0014 0155 0261 -0282 0402 0165
22. PSyl-2 -0062 0192 0114 0136 0027 0326 0059 -0106 -0109 -0154
23. RF g -0309 -0315 -0304 -0159 0245 -0515 0288 0119 -0160 0239
24. Rel 0638 -0096 0180 0191 0375 0003 -0594 0357 -0552 -0312
P5. ScOmp -0727 -0238 0198 -0346 0136 -0087 0569 -0116 0350 -0127

26. InsSp -0472 0020 0163 -0042 -031 0264 -0001 -0118 -0051 -0008
27. PWd-R -0211 0136 -0033 -0018 -0275 0326 -0051 -0221 0320 0142
28. ICoamp -0274 0109 0107 -021 0257 0092 0387 0237 -0316 -0347
29. UPrin -0236 0644 0049 0014 -0224 0687 0181 0125 -0108 -0143
30. RCon -0040 -0301 -0074 0022 0241 -0248 -0089 -0668 0017 0160

31. ;Coord -0332 -0154 -0006 -0359 -0473 -0470 0428 0285 0419
32. AReas -0332 -0076 -0267 -0161 -0323 0031 -0261 0894 0179
33. RdComp -0154 -0076 0043 0156 0115 -0238 -WO1i 0035 -0176
34. Voc -0006 -0207 0043 -0187 -0384 0041 0156 0108 0220
35. DTRd -0359 -0161 0156 -0187 -0039 0369 -0375 -0344 -0143

36. SpaO-l -0473 -0323 0115 -0384 -0039 0164 -0146 0941 0100
37. CRd -0470 0031 -0238 0041 0369 0164 -0510 -0337 -0211
38. DRTime 0428 -0261 -0014 0156 -0375 -0146 -0510 -0139 0131
39. SpaO-2 0285 0894 0035 0108 -0344 0941-0337 -0139 -0240
40. NumOp 0419 0179 -0176 0220 -0143 0100 -0211 0131 -0240



TABLE C-13

Oblique Transformation Matrix A

(Decimal points omitted)

Factor

A B C D E F 0 H I J K

A3  22 18 26 30 25 20 08 10 25 13 20

B3 -27 43 67 -21 -33 -07 -04 -18 28 19 02

C 3  02 -81 17 -22 11 --04 02 01 51 14 06

D3  32 23 -46 -30 -17 -14 -17 1 28 63 03

S 3 -12 -11 O 09 -31 73 04 09 -41 33 -28

F3 -17 05 -39 35-3 40 05 -21 47 -08 56

G3  -29 -02 -06 53 14 -34 -07 -05 01 57 04

H3  -60 20 09 -33 54 10 -25 53 02 -03 48

13 25 -12 U 19 00 13 -91 -02 03 -27 -19

J3 13 -01 24 41 -56 -27 15 76 -11 -04 21

K3  46 -01 07 03 -18 -16 -19 -17 -33 12 51

- - - - -



TABLE C-14

Rotated Oblique Factor Matrix V

(Decimal points omitted)

Test Factor
A B C D E F 0 H I J K

1. Lin 19 02 -06 -10 48 06 09 3201 05 .-42. p-Vi 03 -04 02 20 09 66 01 -01 02 -00 --06
30 PSyl-1 00 01 -03 41 03 09 58 06 -02 -00 06
4. Con-NV U1 03 23 01 16 -00 -06 19 03 -1 16
5. NSp-Au 05 12 -01 27 -06 57 -03 10-05 16

6. Pwd-U 19 -08 -08 64 02 -10 05 17 -05 14 25
7. RSl 13 -05 -07 21 16 01 03 -16 24 -02 -11
8. Ideas 06 -06 06 05 35 -01 -08 54 00 -01 03
9 Map-p -O4-C 35 19 15 -.0 -00 -01 25 -10 18
10. sp-Vi -03 18 01 26 06 59 -00 05 -03 -03 16

.. Pict -o4 03 16 09 22 15 03 02 18 -01 00
12. Para 51 04 05 20 02 -07 -16 -10 03 -08 -.0013. Nun z 18 14 36 -11 01 -02 -Ul 15 -10 31
14. I8p-Au 09 02 -05 33 -02 61 05 08 0 11 01
15. DsgRp -00 02 22 02 02 014 05 02 43 O 55

16.Con-Vb 03 05 -03 05 144 01 -02 15 -04 05 03
17. Md -09 09 06 53 15 - -13 M -o2 -o1 oo
1e. Pm. 03 -03 05 53 15 -0 16 -03 02 -01 21
19. Map-Vb -01 -03 10 11 18 07 -07 -09 09 -00 24
.20. Map-Reo -03 -08 21 16 U 08 -00 -06 46-0712

21. SenSP 38 01 -08 10 -08 214 04a 28 -03 03 1.2
22. PSyl-2 -00 -01 06 34 17 20 35-08 12 -12 15
23' RFg U1-314 06114 21-07-1- 28 00 26
24 Rol -07 26 22 07 03 O1 10 07 39 03 28
25. SCrp 02 03 05 19 53 -8 -01 04 -03 05 18

26. IrSp -10 05 0 -114 16 41 12 -11 03 -09 14
27. Pd.R -01 -03 04 36 43 -00 -% -10 04 01 07
28. ICcup -05 07 28 -.06 04 4 16 00 32 30 -00
29.' sin 01 06 07 -04 -% o -02 15 44 55 07
30.R con -01 -06 -01 03 -06 11 05 -11 -05 52 -08

31. CCo-rd -07 06 31 03 03 09 -0 -02 09 48 -01
32. AReas 25 54 -01 O1 -01 -06-06 -00 28 36 2833.RdCcp 48 09-03 0904-0202-02 3128 5o
34. voc 60 -0403-06 10 0810 03-01 03-0835. DTd 00 47 58 03 -06-01 O 0203 10 -02

S3 6.Spe-l 08 -0 1 7 -02 -04 4 02 02 -o -0% 04
37. CRd -04 35 52 00 -05 -04 -02 06 214 08 00
38. DtTim 06 18 39 14 00 02 -01 02 -01 18 00
39. SpaO-2 -02 -01 143-07 01 01 03-4 48 07 -05
40. Nump -00 67 26 02 08 O 014 -01 -07 -04 -03

., " .... .... Ill " -Z-- , lll!lI1I1irl' W



TABLE C-15

Cosines of Angles Betwen Reference Vectorst Matrix A'A

(Decimal point. mitted)

Factor
A B C D E F 0 R I J K

A 1.00 -16 -15 11 -36 -18 -16 -16 -12 -01 .io

B -16 1.00 07 -02 -12 -04 oo o4 -11 11 17

C -15 07 1.00 -04 -03 -12 -04 16 -02 -i -O

D 1U -1 -04 1.00 -30 03 03 07 -11 03 13

E -36 -12 -03 -30 1.00 06 -15 01 oo -07 -06

F -18-1 -12 03 06 1.00 -04 -n -0 -08

0 -16 00 -04 03 -15 -0 1,OO 03 -01 09 01

H -16 04 16 07 01 -11 03 1.00 -15 01 21

1 -12 -11-02 00 -08 -01 -15 1.02 11 29

J -01 11 -14 03 -07 -11 09 01 1 1.00 03

K -10 17 -05 13 -06 -08 01 21 29 03 1.0

0I1o



TAB !',

Inecrrltoko PrstK" s arxT

(Dcml d nt r

& /i~

A" B D I F a J i

A' 1,0 2 9 0 3 2 2 8 2 -:/ 0

B 251*0 -05 11 1 07 09 9 2

C 19I -0 .0 0) 1 6 0 4 -1 1

D 02 1 03 1,00 28 -4 03 -02,6ii1

3 43 1 13 28 100 0 25 3 11 03 0
IT 2 07 6 -. 4 0 1.0 09 3 11 U 0

G\28, 0 09 03 2 091-0 02 8 -7 0

R ~ ~ ~ ~ ' 18 09 4/a 0 3 0 .0 2 ,-0 2

1~~~~~~~~~, 2y\,2 m1 ln0 510 1 3

J 02 -XI 17 - t A I03 i. 1- 07/-4 -3 .0 0

1 02 -22 1 ~ o17 00ua~ 04a 00ri -2T36 0' 10
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Factor Analyuli of Reference Tests
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TABLE A-1

C elationa of 13 Tests for 4142 Subjecta: Matrix R

(Decimal points mitted)

Toot 28 29 30 31 32 33 34
IC P Bon CC AR EoCp Too

28. Instr nt Comnpehnsion 3047 10 292 2922 3232 1996
29. i9N9onloal Principles 3047 2489 3192 14516 3993 16
30. Rudder Control 2404 2489 3028 0326 0462 -0322

31. Cmple. Cordination 292 3192 3028 1924 1 0968
*32. ArIt~mstic Reasoning 2922 4526 0326 19214 A1445 31463

33. Howding ConPrebension 3232 399 06462 18143 5W.15 6109
314. vocabulary 1996 1666 -0322 0968 31463 6109
35. Di and Table Rading 3533 r8 0517 274 3812 2792 2114

36. Spatial Orientation I 2572 1392 0180 2373 0486 1476 1850
37. Coordinate Reading 3701 2859 -0061 2262 3588 k339 1647
38. DiacriInation Reaction Tim 2664 1949 0454 3350 2276 2058 21041
39. Spatial Orientation II 3465 3X54 0146 2892 324 0 3073 2051
140. Imri oal Operation@ 1462 0408 -0866 1537 4776 2313 2672

ie-a . . ..

: " - , :, Il II I1 II <I.1_ . . .
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TABLE D-1 (Continued)

Correlations of 13 Tests for 442 Subjects: Matrix Ro

(Decimal points omitted)

35 36 37 38 39 i 0
Test DTR SO1  CR DRT SO2  NO

28. Instmnt Compebension 3531, 2572 3701 266a 3465 162

29. Mechanical Principles 1730 1392 2859 1919 3154 04.08

30. Rudder Control 0517 018o -oo61 0454 016 -086

31. Cmlxm Coordination 2744 2373 2262 3350 2892 1537

32. Aritbmetic Reasoning 3812 0486 3588 2276 331o 4776

33. Reading Comprehension 2792 1476 2339 2058 3073 23]43

3. Vocabulary 2124 1850 1647 2104 2054 2672

35. Dial and Table Reading 4448 5725 3619 3291 5196

36. Spatial Orientation I 4448 3853 3228 4247 2051

37. Coordinate Reading 5725 3853 2761 3812 3911

38. Discrimination Reaction Time 3619 3228 2761 2277 2901

39. Spatial Orientation II 3291 4247 3812 2277 1543

40. Nimarical Operations 5196 2051 3911 2901 1543

=_mI

...... .. . .,I_ _ . .. ... .. z z ..Ill~ ,r



*

TABLK D-2

Final Matrix of Residual Colations: Matrix

(Decimal points omitted)

Teot 28 29 30 31 32 33 34
IC UP ROon cc AR RCamp Voc

28. Instrumunt Conr ebension -0487 -0008 -02U 0063 0350 0221
29. Vsobanical Principles -0487 0239 -0186 0306 -0009 -0329
30. Rudder Control -0008 0239 -0013 -0239 -0120 -023

31. Coplex Coordination -02144 -0186 -0013 0110 M64 0097
32. Aritbmtic Reasoning 0063 0306 -0239 0110 0222 0202
33. Reading Comprhension 0350 -0009 -0110 0161 0222 0372
34. Vocabula 0221 -0329 -01A 0097 0202 0372
35. Dial and Table Reading 0199 -0103 0404 -0100 0027 0466 0064

36. Spatial Orientation 1 -0461 0178 004 0039 0305 0033 0046
37. Coordinate Reading o32 o3o7 o3 1  o208 -0388 -0n -o14
38. Discrmination Reaction Time 0149 OlO -0668 0266 0223 -0151 -008
39. Spatial Orientation nI -0193 -0125 -05 4 0462 0493 -0120 -0159
40. Nimeical Operation -0156 -0383 -0425 0108 0430 0170 0431

1m

. _ _ _ _ _



TABLE D-2 (Contired)

Final Matrix of Residual Correlations: Matrix R5
(Decimal points omitted)

35 36 37 38 39 40
Test DTR so CR DRT so No

1 2

26. Inmtrent Cmpbenslon 0199 -0461 0124 0149 -.0193 -0156
29. Mechanical Principles -0103 0178 0307 0110 -0125 -0383
30. Rudder Control 0404 0054' 0141 .0668 -0514 -0425

31. Complex Coordination -0100 0019 0208 0266 0462 0108
32. Aritbosetic Reasoning 0027 0305 -0388 0223 0493 0430
33. Reading Camrebsiwion 0486 0033 -0191 -0151 -0120 0170
34. Vocabulary -0064 0046 -01.04 -0084 -0159 014314
35. Dial and Table Reading 0172 0255 -0233 -0217 0093

36. Spatial Orientation 1 0172 -0106 0238 0578 0139
370 Coordinate Reading 0255 -0106 -0092 -0275 0062
38. Diecrimination Reaction Tim -0233 0238 -0092 -0081 0035
39. Spatial Orientation II -0217 0578 -0275 -0081 00141
40. ,n.vial. Operatios 0093 o19 0062 0035 0041

I'



TABE D-3

Unrotated Centroid Factor Matrix Fo

(Decimal points itted)

Teat Factor

A 0 Bo  Co  Do  Eo  h2

28. Iznstrment Comprehnsion 5143 153 -169 039 090 36
29. Smoobani~ca Principles 519 -071 -459 069 0214 149

30. Rudder Control 36 29 -3 -49 -235 25

31, C-aplex Coordination 480 272 -276 -174 -280 49

32. Ar'itmtio Reasoning 625 -453 -M 377 -160 77
33. Reading Cmprebenmion 612 -491 -119 -166 193 69
34. Vocabulary 481 -420 134 -329 178 57
35. Dial and Table Reading 672 191 338 156 -108 64

36. Spatial Orientation 1 484 394 215 -127 239 51
37. Coordinate Reading 625 161 179 313 126 56
38. Discrimination Reaction Tim 493 133 107 -147 -141 31
39 Spatial Orientation I1 5514 150 -088 060 277 142
40. N cal Operations 492 -107 413 185 -293 5%

I.
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TABLE D.-4

Oblique Transformation Matrix A,

(Decimal points cmitted)

Factor A B C D 9

A 23 25 29 33 35

B0 30 -53 -18 -16 58

c0  -68 10 -51 51 04

Do  -33 -72 73 50 34

zo  -53 35 30 -60 65

1 I



TABa-D-5

Rotated Oblique Factor Matrix V

(Decimal points omitted)I

Teat Factor

A B C D EI
28. Instrvinnt Comprehension 23 04. 27Q 03 314
29. Mechanical Principles 37 08 45 -03 16
30. Rudder Control 50 -04 03 -09 -09

31. Complex Coordination 59 -02 02 06 07
32. Arithmetic 30aaoning 03 06 54~ 52 -02
33. Reading Campehenaion 03 59 26 02 -01
34. Vocabulary -09 66 -04 02 -07

35. Dial and Table Readinlg -01 -05 07 51 34

36. Sptial Orientation 1 -00 11 -06 -00 52I
37. Coordinate Reading -10 -09 33 35 51
38. Discrimination Reaction Time 20 12 -09 21 11

39. spatial Orientation 11 07 10 31 -02 48
40. Numerical Operation -11 -01 -00 66 -00



TABUi 11-6

IntercorrelationU of~ primary vectors: Ratrix 'rr'
(Decimal points omitted)

Factor A B C D 3

A 1.01 30 -02 32 35

B 30 1.00 15 146 32

C -,02 15 1.00 -,o4 -3?

D 32 146 .041.01 37

1 35 32 -37 37 1.01


